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ABSTRACT 
Research suggests that web-based education increases opportunities for 
underserved populations to be integrated into educational activities (Schmetzke, 2001; 
Burgstahler, 2002; Opitz, Savenye, & Rowland, 2003). This may be true for students with 
disabilities because they have more flexibility to participate in formal education. 
However, Moisey (2004) found that people with disabilities had lower rates of enrollment 
and educational achievement than people without disabilities. These findings raise the 
question of whether or not web-based education helps increase students with disabilities ' 
access to learning opportunities and improve their learning outcome. 
This study investigated the degree of difficulty blind persons had in accessing and 
using web-based educational resources provided by Thailand Cyber University (TCU). 
Based on a mixed methods design, the data were collected in two phases. Quantitative 
data were collected first, in order to identify accessibility problems and conformance 
levels reported by automated web accessibility evaluation tools. Qualitative data was 
collected from interviews with blind participants in the second phase to expand the 
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understanding of the accessibility problems and usability issues that were not discovered 
in the quantitative phase by the automated web accessibility evaluation tools . 
The findings indicate that all of the 13 selected web pages failed to meet a 
minimum requirement of WCAG 2.0. This means those selected web pages would be 
inaccessible for the blind. However, the findings indicate blind participants rated only 
one of the 13 pages as inaccessible. Moreover, their ratings of difficulty on "usability" 
were higher than their ratings of difficulty on "accessibility" on the same web page. On 
six out of 22 tasks, blind and sighted user groups agreed on the ratings. Nevertheless, the 
time that it took to complete each task varied greatly between the two user groups. 
IV 
Table of Contents 
CHAPTER I: INTRODUCTION .................................................................................... 1 
Problem Statement. .... ...... ... ... ......................... .... .. ..... ....... ... ...... ..... ...... .. .. ..... ..... .... .. ....... I 
Purpose of the Study ...... ...... ......... .... ........... ........... .... ... .............. .... ................................ 4 
Significance of the Study ............................................. ................................................... 5 
Research Questions ...... ..... ................................... ..... ...... .......... ....... ..... ... ... .. .. .... ......... ... 6 
Definition of Key Terms ........... ............................................ .......................................... 6 
CHAPTER II: LITERATURE REVIEW .................................................................... 11 
Introduction to Web Accessibility and Usability ...................................................... 12 
Regulations and Guidelines for Web Accessibility .......... ...... ...... .... .. ...... ...... .. ...... .. . 18 
Web Accessibility Standards and Guidelines ............................................................ 20 
Blind People and Screen Readers .......................................... .. ............................ .. .. .. .. 27 
Previous Studies Regarding Evaluating Web Accessibility in Higher Education. 29 
CHAPTER III: METHODOLOGY .............................................................................. 32 
Design and Methodology ...................................................... ....................................... . 32 
Description ofEvaluation Methods ............................................................................. 33 
Scope of the Study ......................................................................................................... 33 
Research Questions ............................................. .. .. ... ............... .... ................................ 39 
Data Collection .. ............. ......... .................... .. ................ .... ........ .. ............... ....... .... ..... .. . 40 
Data Analysis ................ .. ......... .............. ........ .......... .... ...... .... ...... ..... .. ...... ... .... .............. 43 
CHAPTER VI: FINDINGS ............................................................................................ 47 
Introduction .... ... .. .... .... ............. ...... .. .......... ..... ............. .... .............. ................................ 47 
Evaluated website ............................................ .... ... ..... ... ............ ....... ... .. .. 48 
Participants ................ .................................. ....................... ......... .............. 49 
Findings ................... ................ .. ...................................................................... .. .............. 51 
Answers to Research Questions ................. ........ ......... ................ ... ...................... .... .... 79 
Research question 1 ................. ............................. ................. .... ............... 79 
v 
Research question 2 .......... ................. .... ........ .... ...... ................. ................ 84 
Research question 3 .......... ........ .. ................................................. ........... .. 88 
Research question 4 .. ....... ....... .. ... ... .. ... .... ... .... ... .... ........ .... ....... ...... ...... .... 90 
Summary of Key Findings ... ..... .... .. ... .... .. .......... ... ...... ............... ... ........ ..... .. ........ .. ... .... 93 
CHAPTER V: DISCUSSION AND RECOMMENDATIONS ................................... 94 
Summary of Findings ................ ..... ... ..... ........................... .. .......................................... 94 
Discussion of Key Findings .. .. .. ........... .... .. .. .... ................... .... .... .. .. .... ...... ...... .. ...... .. .. . 99 
Recommendations for e-Learning Web Developers ...... .. .. .. .... ......... .. .......... .. ........ I 07 
Limitations of the Study .......... ...... .. .. .......... .. ............................................. .. .. ........ .. .. I I 0 
Implications for Further Research .. ................ .. .. .. .. .. .. .......... .. .. ..... .... .................. .... .. I I I 
Appendix A: Automated-Testing Protocol... .... .. .. ...... .... .... .. .......... .. .......... ................. ...... .... I 13 
Appendix B: User-Testing Protocol ....... .. .... .. ................ ..... .... ........................... .. ...... .... .... .... 114 
Appendix C: Interview Protocol .... .... ... .... ... .. .. ...... ........... ... ...... ..... .......... .. ... ..... ....... .... .... .. ... 116 
Appendix D: Researcher's Observation Protocol. ....... ......... .. ....... ... .. .. ..... ....... ....... .. ...... ... .. 117 
Appendix E: Web Content Accessibility Guideline 2.0 (WCAG 2.0) ............................. . 119 
Appendix F: Informed Consent ...... ....... .. ....................... ........ .... .. .. .... .. .... ............ ... .. .. .. .. .... ... 125 
Appendix I: Recruitment Letter for Blind Subjects ... .. .. .. ... ......... .. ...... ......... ...... .. ...... .... .. ... 129 
Appendix J: Recruitment Letter for Sighted Subjects .. ............ ........... .. .......... .. ................ .. 130 
References ... .... .. ... ....... .. .... ...... .. .. ..... .... .... .. ..... .......... .. .. .. ... .... .... ..... .. .............. .... ... ..... .... .... ....... 131 
Vita .. . ..... ..... ... ... ... .. .. ... ... ......... . ... . . . . .. ..... . . .. . ..... . . . . . .......... .. . .. . .. .... ..... .. . .. .. ... 136 
VI 
List of Tables 
Table 2.1 Seven principles and its guidelines of universal design .......... .. .. ....... 13 
Table 2.2 Comparison between web accessibility and usability ....... . .... .. .. .. . ..... 18 
Table 4.3.1 Number of accessibility problems found on each page .......... ..... .. .... .. 80 
Table 4.3.2 Type and number of accessibility problems.... . .. .. ....... . . ..... . .. .. .. ..... 82 
Table 4.3.3 Blind users ' ratings and time spent on each task ........................... .. . 85 
Table 4.3.4 Expected relationship between the automated tools' conformance levels 
and the users ' ratings . .. ........... ........ ........ . . .. . .... . ... ................ .. .. ............... 89 
Table 4.3.5 Comparison between conformance levels and blind users ' ratings .. ...... . 89 
Table 4.3.6 Comparison between blind and sighted users ' ratings ................. ...... 91 
Table 4.3. 7 Accessibility and usability problems encountered by the blind and the 
sighted ................................ .. . .. ... ... . .... . ..... . .. .. ... .... . ...... . .. .......... . .. .. .. .. 92 
Vll 
List of Figures 
Figure 1: Homepage . ......... .... ......................................... ... .... .................. 53 
Figure 2: Frequently Asked Question (FAQ) ................ .... .......... ..... . .............. 55 
Figure 3: System Checking .............. .......... .. ................................ ............. 57 
Figure 4: e-Learning Professional Certification .................... . ......... .... . . ........... 69 
Figure 5: Master of Science in Social and Administrative Pharmacy ...................... 61 
Figure 6: Student Registration ... . .. . ........ .... . .. ....... .. .. .. ... ........ ... .. ............... 63 
Figure 7: Student Homepage ....... ...... . .... .......... ... . .. .. .. ... .... . . ... .. .. ..... ... . . ..... 65 
Figure 8: My Course .. ... ..... ... . . .............................................................. . 67 
Figure 9: Course Homepage .. . ....................................... .. ............... . ..... .. ... 69 
Figure 10: Course Evaluation ........ .... .................... ......... ........ ...... ............. 71 
Figure 11: Thai Library Integrated System (ThaiLis) ........................................ . 73 
Figure 12: e-Journal .............. . . .. ......................... . ................................... 75 
Figure 13: e-Book . ... ........... .. . . .................. . .. ....... . .. . ... ........ . ........ . . . .. . .. .. 77 
Vlll 
CHAPTER I 
INTRODUCTION 
Problem Statement 
Web-based education has the potential to improve the intellectual and personal 
growth of people with disabilities by offering greater flexibility in times and locations for 
learning along with a greater variety of delivery methods. Nevertheless, this potential has 
been found to be largely unrealized because many educational web sites are not designed 
to accommodate large segments ofthe disability community, particularly blind people 
who rely on assistive technologies to navigate web sites (Schmetzke, 2001; Stein, 
2002 ; Burgstahler, 2002; Opitz, Savenye, & Rowland, 2003; Lazar, Dudley-
Sponaugle, & Greenidge, 2004; Williamson, 2005; Zaparyniuk & Montgomerie, 2005; 
Harper & De Waters, 2008). The problem stems from web sites that fail to provide text 
equivalents for non-textual contents making them inaccessible for assistive technologies, 
such as a screen reader, to interpret what is being presented on the web and from poorly 
organized websites that require extra time to navigate. Inaccessibility of web contents 
produces inequities and barriers for people with disabilities to participate and succeed in 
academic programs. 
In Students with Disabilities in Distance Education: Characteristics, Course 
Enrollment and Completion, and Support Service, Moisey (2004) indicated that students 
with disabilities took courses at a much higher rate than their non-disabled counterparts: 
an average of four courses compared with two courses. Nonetheless, students with 
disabilities experienced somewhat less success in these courses. Their overall course 
completion rate of 45.9% was lower than that of the general university population, which 
was 52.5% (Moisey, 2004). This example highlights the fact that people with disabilities 
have a lower achievement rate in web-based education. 
Without assuming intention, the result of restrictive web site design discriminates 
against people with disabilities who wish to participate and succeed in academic 
programs. Studies about web accessibility and related issues, such as Moisey's study 
mentions, have been widely conducted in the U.S. , but these issues have been rarely 
discussed in some other countries, such as Thailand. Up to December, 2009, no study 
regarding web accessibility of institutes of education had been published, although a 
survey found 93% of educational institutions in Thailand offer web-based education 
(Laohajaratsang, 2008). As more information and services become available online, a 
study relating web accessibility and usability in Thailand is needed. 
Focusing on the scope of the population affected by inaccessible designs of online 
content, Thailand National Statistical Office (NSO) found that over 500,000 Thais had 
some kind of visual impairment (NSO, 2008). To help identify the resources available for 
the population of visually impaired citizens, this study measured web accessibility and 
usability levels of web-based educational resources provided by Thailand Cyber 
University (TCU). Participants in this study were sighted users and users diagnosed with 
total blindness, as defined by the National Dissemination Center for Children with 
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Disabilities (NICHCY), and used screen readers, which are defined as computer software 
that read aloud information on the web. Totally blind users chosen for this study 
represented the most challenging of end users with disabilities because the web is mainly 
a visual medium. Thailand Cyber University (TCU) was chosen for web tests in this 
study because of the following reasons. First, TCU was founded by Ministry of 
Education; therefore, TCU was required by law to make their web site accessible and 
usable for all learners. Second, the number of students registered with TCU had 
dramatically increased every year since its opening in January, 2005. For example, 
between the 2008 and the 2009 academic years, the number of registered students rose 
from forty thousand to eighty thousand (Sombuntham, 2008). Given this growth in 
interest, TCU provided an ideal case study for the focus of this research. 
To effectively evaluate Thailand Cyber University's web site, a mixed-method 
approach was utilized. Based on an embedded mixed methods design, the data were 
collected in two phases. Quantitative data was collected first with the intention of 
identifying accessibility problems and conformance levels reported by automated web 
accessibility evaluation tools and usability problems assessed by totally blind and sighted 
users. In the second phase, qualitative data collected from blind participants ' interview 
were utilized to triangulate the findings from the quantitative phase. Qualitative data from 
the blind participants contributed to understanding of the accessibility problems and 
usability issues that were not discovered in the quantitative phase by the automated web 
accessibility evaluation tools . Findings from both quantitative and qualitative methods 
were analyzed to search for agreement between them. This combination of evaluation 
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methods provided a comprehensive view of web accessibility and usability status in 
Thailand Cyber University (TCU) at the time this study was conducted in November, 
2010. 
By providing evidence about the level of the university website's compliance with 
Web Content Accessibility Guidelines (WCAG 2.0), as set forth by the World Wide Web 
Consortium (W3C) and the level of usability by totally blind users, the findings of this 
study contribute to identifying barriers that limit totally blind users from participating and 
succeeding in web-based education. Results from this study may increase awareness of 
the unique needs presented by learners with disabilities to web-based education, while 
promoting ideas of inclusive and equitable education that would allow learners with 
disabilities to maximize their independence, productivity, and participation in academic 
programs. 
Purpose of the Study 
This study aimed to investigate the degree of difficulty blind persons had in 
accessing and using web-based educational resources provided by Thailand Cyber 
University (TCU). To meet the aim, the study (1) measured the web accessibility level of 
selected pages of the TCU's website by using automated tools to identify web 
accessibility problems and conformances to Web Content Accessibility Guidelines 
(WCAG 2.0), as set forth by the World Wide Web Consortium (W3C); (2) measured web 
usability levels of the same selected web pages by recruiting blind and sighted users to 
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rate the degree of difficulty in accessing and using those selected web pages; (3) recorded 
the time it took for both subject groups to complete specific tasks on selected web pages; 
and (4) investigated the degree of agreement between the automated evaluations and user 
evaluations. 
Significance of the Study 
This study contributes to three rationales as follows: 
1. Ethical rationale: Provides equal opportunity access to web-based educational 
resources. With accessible and usable websites, people with disabilities can do more 
things themselves through their adaptive aids. Access enables people with disabilities to 
interact and participate in society more equally. Therefore, making the web accessible 
and usable is essential because it provides greater access and opportunity for people with 
disabilities. 
2. Legal rationale: Web accessibility is required by laws. According to 2007 Thailand 
Rehabilitation Act, Section 20, federal-funded institutions; therefore, higher educational 
institutions are required by laws to make their websites accessible and usable to everyone 
regardless of their disabilities, race, and socioeconomic status. 
3. Business rationale: Improved access for users with disabilities also tends benefit users 
without disabilities as described by the principles of universal design, on which this study 
also focuses. A key principle of web accessibility and usability calls for the web 
developers to design their web sites that are flexible to meet different user needs. This 
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flexibility also improves general usability of the web sites and benefit to users of all ages 
and abilities. 
Research Questions 
1. What percentage of selected Thailand Cyber University's web pages submitted for 
automated evaluation complies with Web Content Accessibility Guidelines 2.0 for all 
types of errors? 
2. How do totally blind users rate the degree of difficulty in accessing selected Thailand 
Cyber University ' s web pages and completing pre-defined tasks? 
3. What is the degree of agreement between automated evaluation and blind user 
evaluation for accessibility of selected Thailand Cyber University's web pages? 
4. What is the degree of agreement between blind and sighted users ' ratings of difficulty 
when completing pre-defined tasks? 
Definition of Key Terms 
Web-based instruction is defined for this study as teaching or training courses 
delivered via computer technologies, including both synchronous and asynchronous 
instruction. 
Automated web accessibility evaluation tool is software programs or online 
services that check web pages against Web Content Accessibility Guidelines (WCAG 
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2.0) and return results in number of accessibility problems, type of those problems, and 
conformance levels. 
Students with visual disability can be categorized by the degree of the visual 
severity. There are four types ofvis.ual impairment: partially sighted, low vision, legally 
blind, and totally blind (NICHCY, 2008). According to the National Dissemination 
Center for Children with Disabilities (NICHCY), each type of visual impaired is defined 
as follows: 
I. "Partially sighted" refers to a type of visual problem "that one's best corrected 
visual acuity is no better than 20/70 in either eye, but better than mere perception 
of light" (Braille Plus, 2004). 
2. "Low vision" refers to individuals who are unable to read at a normal viewing 
distance, even with the aid of eyeglasses or contact lenses. 
3. "Legally blind" indicates that a person has less than 20/200 vision in the better 
eye with the use of a correcting lens or a very limited field of vision (20 degrees 
at its widest point) . 
4. "Totally blind" refers to individuals who completely lack visual light 
perception. 
People with visual disabilities are as diverse as any other people. They have 
diverse experiences, expectations, and preferences. They use diverse interaction 
techniques, adaptive strategies, and assisti ve technology configurations (Henry, 2006). 
This variability within categories is significant in product design and evaluation. For 
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example, although visual disabilities are often categorized together, a web site can be 
accessible and usable for a person who is totally blind and uses a screen reader, but yet 
totally inaccessible and unusable for a person with low vision who uses a screen 
magnifier, and vice versa because they use different adaptive strategies 1• They also have 
different expectation toward the web site. 
Adaptive aids or assistive technologies are software and hardware that people 
with disabilities use to improve interaction with the web (Henry, 2006), for example, 
screen readers that read aloud web pages for people who cannot see or read text and 
voice-input software and switches for people who cannot use a regular keyboard and 
mouse. 
World Wide Web Consortium (W3C) was established in October 1994 by Tim 
Berners-Lee to promote and achieve web functionality for people with disabilities. Under 
W3C, the group called the Web Accessibility Initiative (WAI) was formed to develop 
strategies, guidelines, and resources to help make the web accessible to people with 
disabilities . 
Web Content Accessibility Guidelines (WCAG) WAI issued the Web Content 
Accessibility Guidelines (WCAG) version 1.0 in May, 1999 and version 2.0 in 
December, 2008. According to World Wide Web Consortium (1999), WCAG 2.0 is 
organized into four accessibility principles: (I) content must be perceivable; (2) interface 
1 Adaptive strategy is a personal reaction to a particular problem when the person encounters inaccessibility 
issues of the site (Henry, 2006). 
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components in the content must be operable; (3) content and controls must be 
understandable; and ( 4) content should be robust enough to work with current user 
agents, including assistive technologies. Each principle includes a list of guidelines 
addressing the principles. Success criteria are included to assist in testing conformance to 
the guidelines (Appendix E). 
In the new version, WCAG 2.0 consists of 12 guidelines addressing different 
issues and 61 success criteria explaining how the guidelines can be implemented. Each 
criterion has a level of conformance, ranging from level A to AAA. Not conforming to 
Level A guidelines means some content is impossible for some groups to access; 
conforming to Level A but not AA means some content is very difficult for some groups 
to access and conforming to Level AA but not AAA means some content is difficult for 
some groups to access (W3C, 1999). Its guidelines have been widely used by many 
private and public organizations worldwide, including Thailand. This study evaluated the 
website according to WCAG 2.0. 
Web accessibility means that people with disabilities can perceive, understand, 
navigate, and interact with the web (Henry, 2006). In addition to getting the information 
from the page, people with disabilities must be able to use all the functions available to 
non-disabled users, such as links, buttons, form controls, and so on. There must be 
alternatives to visual content for people who cannot see and alternatives to auditory 
content for people who cannot hear. Accessible content must be compatible with assistive 
technologies, in the case of this research, particularly screen readers . 
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Web usability is defined as the "extent to which a product can be used by 
specified users to achieve specified goals effectively, efficiently and with satisfaction in a 
specified context of use" (Oppermann & Reiterer, 1997). 
In this study, web accessibility investigates whether or not a web page is 
"perceivable" for blind people who use a screen reader. The web page is deemed 
"perceivable" if the blind participant is able to identify a title of the page or a type of 
content that is presenting on the screen. Web usability investigates whether or not a web 
page is "usable" for blind people who used a screen reader. The web page is deemed 
"usable" if the blind participant is able to complete a task without the researcher' s 
assistance. 
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CHAPTER II 
LITERATURE REVIEW 
According to a 2007 disability survey, roughly 10-12 percent of the world ' s 
population has a disability (Mont, 2007). A survey in 2001 by the U.S. National 
Organization on Disability found that 48 percent of people with disabilities agreed that 
going online significantly increased their quality of life, compared with 27 percent of 
non-disabled people (NOD, 2001 ). These figures imply that an accessible web site, for 
people with disabilities, not only means unprecedented access to information, but also 
means opportunities for them to increase their life ' s quality. The degree to which people 
with disabilities have access to online resources and the obstacles to their learning 
effectively online, therefore, becomes an extremely important area of research. 
This literature review is divided into four parts: (1) Introduction to web 
accessibility and usability discussing about the underlying principles and development of 
concepts, (2) Web accessibility related regulations and guidelines, (3) Blind people and 
screen readers discussing how they read the web and how their screen readers work, and 
( 4) Studies regarding evaluating web accessibility in higher education. 
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Introduction to Web Accessibility and Usability 
This section discusses the definition and underlying principles of web accessibility, 
such as Universal Design (UD) and Universal Design for Learning (UDL). These 
concepts have a great impact on the development of web accessibility. 
Web accessibility capitalizes on the inherent flexibility oftechnology to meet the 
needs of diverse users. It has been influenced by an architectural movement called 
Universal Design (UD). The term "Universal Design" was coined by Ronald Mace, an 
architect and wheelchair user. He proposed the revolutionary idea that physical 
environments should be proactively designed to meet the needs of the broadly diverse 
users (Center for Universal Design, 1997). Before the UD movement, architects rarely 
considered the needs of their buildings ' potential users . Mace (1985) defines UD as the 
design of products and environments to be usable by all people, to the greater extent 
possible, without the need for adaptation or specialized. Mace and his collogues also 
developed seven principles in order to assist in the evaluation of products, environments 
and communications, and to educate designers and consumers (Connell eta!., 1996). 
These principles are: equitable use, flexibility in use, simple and intuitive use, perceptible 
information, tolerance for error, low physical effort, and size and space for approach and 
use. Each principle has a brief definition and a number of guidelines to achieve the 
purposes of the principle as follow: 
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Seven Principles and its Guidelines of Universal Design 
Principles Guidelines 
1. Equitable Use The design is useful and marketable to people with diverse abilities . 
• Provide the same means of use for aH users : identical 
whenever possible; equivalent when not 
• A void segregating or stigmatizing any users 
• Provisions for privacy, security, and safety should be equally 
available to all users 
• Make the design appealing to all users 
2. Flexibility in The design accommodates a wide range of individual preferences and 
Use abi lities 
• Provide choice in methods of use 
• Accommodate right or left-handed access and use 
• Facilitate the user' s accuracy and precision 
• Provide adaptability to the user ' s pace 
3. Simple and Use ofthe design is easy to understand, regard less ofthe user ' s 
Intuitive Use experience, knowledge, language skills, or current concentration level 
• Eliminate unnecessary complexity 
• Be consistent with user expectations and intuition 
• Accommodate a wide range of literacy and language skills 
• Arrange information consistent with its importance 
• Provide effective prompting and feedback during and task 
completion 
4. Perceptible The design communicates necessary information effectively to the 
Information user, regardless of ambient conditions or the user ' s sensory abilities 
• Use different modes (pictorial, verba! , tactile) for redundant 
presentation of essential information 
• Provide adequate contrast between essential information and 
its surroundings 
• Maximize legibility of essential information 
• Differentiate elements in ways that can be described (i .e., 
make it easy to give instruction or directions) 
• Provide compatibility with a variety of techniques or devices 
used by people with sensory limitations 
5. Tolerance for The design minimizes hazards and the adverse consequences of 
Error accidental or unintended actions 
• Arrange elements to minimize hazards and errors, most used 
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elements, most accessible; hazardous elements eliminated, 
isolated, or shielded 
• Provide warning of hazards and errors 
• Provide fail safe features 
• Discourage unconscious action in tasks that require vigilance 
6. Low Physical The design can be used efficiently and comfortably and with a 
Effort minimum offatigue 
• Allow user to maintain a neutral body position 
• Use reasonable operating forces 
• Minimize repetitive actions 
• Minimize sustained physical effort 
7. Size and Appropriate size and space is provided for approach, reach, 
Space for manipulation, and use regardless of user ' s body size, posture, or 
Approach and mobility 
Use 
• Provide a clear line of sight to important elements for any 
seated or standing user 
• Make reach to all components comfortable for any seated or 
standing user 
• Accommodate variations in hand and grip size 
• Provide adequate space for the use of assistive devices or 
personal assistance 
Table 2.1 Seven principles and its guidelines of universal design 
Source: The Center for Universal Design (1997). What is Universal Design? 
Over the past years, the concept of Universal Design has been expanded from 
architecture and interior design into many areas such as public transportations, including 
education, known as Universal Design for Learning (UDL). In addition to its architectural 
underpinnings, UDL also has its roots in the field of cognitive neuroscience which 
recognizes in individual differences in learning styles and preferences. As Rose and 
Meyer (2000) suggest, UDL broadens the concept ofUniversal Design in two ways: (I) 
applying the idea of built-in flexibility to the educational curriculum and (2) supporting 
not only improved access to learning materials, but also ensured optimal learning because 
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only access to the content is inadequate unless that access is mediated with instructional 
design supports appropriate for the specific disability of the user. 
According to Center for Applied Special Technology (CAST), UDL has changed 
old perspectives on teaching and learning in four fundamental ways: 
I. Students with disabilities fall along a continuum of learner differences rather than 
constituting a separate category. 
2. Teacher adjustments for learner differences should occur for all students, not just 
those with disabilities. 
3. Curriculum materials should be varied and diverse including digital and online 
resources, rather than centering on a single textbook. 
4. Instead of remediating students so that they can learn from a set curriculum, 
curriculum should be made flexible to accommodate learner differences 
UDL principles call for an awareness of the unique nature of each learner and the 
need to accommodate differences, creating learning experiences that suit individual 
learners and maximize their ability to progress (Rose & Meyer, 2002). Here becomes a 
key principle of web accessibility and usability that call for the web developers to design 
their websites that are flexible to meet different user needs. This flexibility also increases 
general usability and Jets people without disabilities use website according to their 
preferences. 
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The web was initially designed to work for all people; regardless what hardware 
and software they use. If the web can meet all needs, it is accessible to people with a 
diverse group because there is no limitation on what and how people use to access the 
Internet. Ensuring that people with disabilities are able to contribute content to the web is 
an important aspect of making the web accessible. As Tim Bemers-Lee, the inventor of 
the World Wide Web, noted, "The power of the web is in its universality. Access by 
everyone regardless of disability is an essential aspect" (W3C, 1999). He was also the 
founder of World Wide Web Consortium (W3C), a web standards organization founded 
in October 1994, aiming to promote and achieve web functionality for people with 
disabilities. W3C develops interoperable technologies: specifications, guidelines, 
software, and tools, to lead the web to its full potential. 
Under W3C, the group called the Web Accessibility Initiative (WAI) was formed in 
April 1997 to develop strategies, guidelines, and resources to help make the web 
accessible to people with disabilities (Henry, 2006). The Web Accessibility Initiative 
(W AI), sponsored by a variety of government and industry supporters of web 
accessibility, is playing a role in developing web accessibility solutions by consensus 
under W3C Process. WAI enables representatives from different organizations to work 
together at the design stage of key web technologies . W AI has 5 levels of work: ( 1) 
ensuring that web technologies support web accessibility, (2) developing guidelines for 
web accessibility, (3) improving tools to evaluate and repair web accessibility, (4) 
developing materials for education and outreach, and (5) coordinating with research and 
development (W3C, 1999). 
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WAI describes the term "Web Accessibility" that means "people with disabilities 
can use, in terms of being able to perceive, understand, navigate and interact, with the 
Web" (Henry, 2006). They explain that web content is called "accessible" only if it can 
be viewed or accessed by people with disabilities. Besides getting the information from 
the page, people with disabilities must be able to use all the functions available to non-
disabled users, such as links, buttons, form controls, and so on. Accessible content must 
be also compatible with assistive technologies, particularly screen readers. There must be 
alternatives to visual content for people who cannot see and alternatives to auditory 
content for people who cannot hear. In summary, web accessibility makes sure that a user 
interface is perceivable, operable, and understandable for people with a wide range of 
disabilities. Usability designs a user interface that is effective, efficient, and satisfying for 
all users (Henry & Abou-Zahra, 2009). 
A comparison between web accessibility and usability 
In order to evaluate a product, web accessibility considers whether or not a 
product can be used by people with disabilities, while usability looks more on how ease 
the product is designed to use. Moreover, they have different goals, target users, 
underlying principles, and evaluation techniques. 
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Web accessibility Web usability 
Goal • To remove access barriers • To provide the ease of the 
based on disability, use and navigation with 
technical or environmental which a web site ' s user 
limitations interface can be used to 
achieve defined tasks. 
Target • Primarily focuses on people • Generally for the target users 
Audience for with disabilities, while of a site 
the design other users of the web are 
as secondary beneficiaries 
• Web accessibility problems • Usability problems impact all 
decrease access to a user equally, regardless of 
website by people with ability; that is, a person with 
disabilities. When a person a disability is not 
with a disability is at a disadvantaged to a greater 
disadvantage relative to a extent by usability issues 
person without a disability than a person without a 
disability 
Underlying • Universal design, web • User-oriented, understanding 
Philosophy accessibility standards the target users of a site and 
designing to respond their 
specific needs. 
Evaluation • Conformance testing; • Task-based testing; to assure 
Technique individual page checking understanding of the site 
against the web components, effective 
accessibility standard, such completion of site-related 
as Section 508 and W3C' s tasks, the site ' s efficiency in 
standards. providing a short and quick 
path to completing expected 
tasks, as well as satisfaction 
ofthe web site ' s users. 
Table 2.2 Comparison between web accessibility and usability 
18 
Regulations and Guidelines for Web Accessibility 
Disability-related regulations and web accessibility standards have been created in 
order to ensure access rights to people with disabilities. They have a great impact for the 
development of web accessibility in higher education. Started in the early 1970s, U.S . 
Congress has passed several laws to protect the right of people with disabilities. Among 
the most prominent are the Rehabilitation Act and the Individuals with disabilities 
Education Act (IDEA). They both ensure equal access to education for all people with 
disabilities. 
The Individuals with disabilities Education Act (IDEA), formerly called the 
Education for All Handicapped Children Act, was enacted in 1975. Congress noted that 
in the mid-1970s more than half of the approximately eight million American children 
with disabilities were not receiving appropriate educational services, one million of the 
nation 's disabled children were excluded entirely from school , and many children could 
not succeed in their programs because their disabilities were not detected (Tucker, 1994). 
The IDEA requires each state receiving federal financial assistance under the Act to 
provide all disabled children with a free and appropriate public education. The IDEA was 
amended in 1991 and again in 2004. Under the IDEA of 2004, it refers to the Section 602 
of the Assistive Technology Act; mandating the use of technology-based on Universal 
Design principles to maximize web accessibility to educational programs. The IDEA 
2004 also calls for a National Instructional Materials Accessibility Standard (NIMAS) 
that requires textbook publishers to use a consistent file format when developing alternate 
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versions of texts, such as web-based, for students with print disabilities. These 
regulations have made a great improvement on access to learning materials, especially, 
web-based resources, for people with disabilities during the past several years. 
Besides the IDEA that guarantees the right of all learners with disabilities to 
access educational programs, the Section 504 of the Rehabilitation Act of 1973 prohibits 
recipients of federal financial assistance from discriminating on the basis of disability in 
many aspects of life, including education, employment, architectural accessibility, and 
welfare and social services. In particularly, Section 508 of the Rehabilitation Act is 
mainly concerned with ensuring access to electronic and information technology, 
mandating that electronic and information technology purchased by the U.S. federal 
government must comply with Section 508 Standards. 
Web Accessibility Standards and Guidelines 
The two important sets of guidelines for web accessibility are Section 508 of the 
Rehabilitation Act and Web Content Accessibility Guideline (WCAG) of World Wide 
Web Consortium (W3C}. The U.S. Access Board has issued access standards for federal 
electronic and information technology as required under Section 508 ofthe Rehabilitation 
Act. Section 508 Standards extensively mandate the procurement of accessible electronic 
information or services. The 508 standards provide 15 guidelines for Web-based Intranet 
and Internet Information and Applications as fo llow: 
I. A text equivalent for every non-text element shall be provided 
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2. Equivalent alternatives for any multimedia presentation shall be synchronized 
with the presentation 
3. Web pages shall be designed so that all information conveyed with color is also 
available without color. 
4. Documents shall be organized so they are readable without requiring an 
associated style sheet 
5. Redundant text links shall be provided for each active region of a server-side 
Image map 
6. Client-side image maps shall be provided instead of server-side image maps 
except where the regions cannot be defined with an available geometric shape 
7. Row and column header should be identified for data tables 
8. Markup shall be used to associate data cells and header cells for data tables that 
have two or more logical levels of row and column headers 
9. Frames shall be titled with text that facilitates frame identification and navigation 
I 0. Pages shall be designed to avoid causing the screen to flicker with a frequency 
greater than 2 Hz and lower than 55 Hz. 
11. A text-only page, with equivalent information or functionality, shall be provided 
to make a web site comply with the provisions of this part, when compliance 
cannot be accomplished in any other way. The content of the text-only page shall 
be uploaded whenever the primary page changes 
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12. When pages utilize scripting languages to display content, or to create interface 
elements, the information provided by the script shall be identified with 
functional text that can be read by assistive technology 
13 . When a web page requires that an applet, plug-in or other application be present 
on the client system to interpret page content, the page must provide a link to a 
plug-in or applet that complies with 1194.21 
14. When electronic forms are designed to be completed on-line, the form shall 
allow people using assistive technology to access the information, field elements, 
and functionality required for completion and submission of the form, including 
all directions and cues 
15. A method shall be provided that permits users to skip repetitive navigation links 
When a timed response is required, the user shall be alerted and given sufficient 
time to indicate more time is required 
Source: Section 508 Standard. 
These guidelines are seen as playing an important role in defining web 
accessibility, especially in the U.S. Several states in the U.S. use Section 508 Standards 
as a reference for state web accessibility requirement. 
In addition to Section 508 standards, the web accessibility guidelines of World 
Wide Web Consortium (W3C) have widely accepted. Under W3C, the Web Accessibility 
Initiative (W AI) has issued three different guidelines to address these different needs: (I) 
Web Content Accessibility Guidelines (WCAG), (2) Authoring Tool Accessibility 
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Guidelines (ATAG), and (3) User Agent Accessibility Guidelines (UAAG). 
WAI issued the Web Accessibility Guideline version 1.0 in May 1999 and version 
2.0 in December 2008. There are similarity and difference between the first version and 
the second version. Like the first version, the second version is organized around the 
guidelines. WCAG 2.0 includes 12 guidelines and each contains a list of items similar to 
the checkpoints of WCAG 1.0 that are called success criteria. These are testable 
statements ofwhat needs to be done to satisfy each guideline. Unlike the first version, the 
success criteria under each guideline are not prioritized by their priority, as they were in 
WCAG 1.0. Instead, they are ranked by the extent to which the web design and 
development process must be modified in order to meet the success criteria. Whereas 
Level A conformance with WCAG 1.0 required complying with all Priority 1 
checkpoints, Level A conformance with WCAG 2.0 requires compliance with all Level 1 
success criteria. Not conforming to Level A guidelines means some content is impossible 
for some groups to access; conforming to Level A but not AA means some content is 
very difficult for some groups to access, and conforming to Level AA but not AAA 
means some content is difficult for some groups to access (W3C, 1999). This study 
evaluated the web content based on Web Content Accessibility Guideline 2.0 (WCAG 
2.0). 
According to Appendix E, the WCAG 2.0 is organized around four design 
principles of web accessibility as follows : 
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(1) Content must be perceivable. 
The first principle is that content that cannot be perceived in some way or another 
by web visitors is not serving its purpose. Four guidelines help those designing and 
building websites to make content perceivable to the largest number of people possible. 
Guideline 1.1 Provide text alternatives for all non-text content; this makes it possible for 
people with different abilities using different devices to perceive the content of web-
based resources 
Guideline 1.2 Provide synchronized alternatives for everywhere multimedia is presented 
on the web or using web-based technology, alternatives, such as synchronized captioning 
with audio and video presentations should be presented 
Guideline 1.3 Ensure that information and structure can be separated from presentation; 
it is necessary to ensure that information, structure, and functionality can be separated 
from presentation (the way the content looks or sounds). Using structural markup 
correctly ensures that standards-compliant user agents can determine how the content 
should be presented, even when the user agent must adapt the presentation to meet the 
needs of people with disabilities. Conversely, incorrect use of structural markup, for 
example, to create visual effects that are not related to the organization and meaning of 
the content, may create unintended obstacles for users with disabilities 
Guideline 1.4 Make it easy to distinguish foreground information from its background 
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(2) Interface elements in the content must be operable. 
The second principle is that any elements on the Web page must be usable by all 
persons, regardless of disability. Five guidelines are associated with this principle. 
Guideline 2.1 Make all functionality operable via a keyboard interface 
Guideline 2.2 Allow users to control time limits on their reading or interaction 
Guideline 2.3 Allow users to avoid content that could cause seizures due to 
photosensitivity 
Guideline 2.4 Provide mechanisms to help users find content, orient themselves within it, 
and navigate through it 
(3) Content and control must be understandable. 
The third principle is that all content (be it text, images, and so on) and controls, 
for example, navigation elements, must be readable by all users, whether or not they are 
sighted. This principle has two guidelines. 
Guideline 3.1 Make text content readable and understandable 
Guideline 3.2 Make the placement and functionality of content predictable 
(4) Content must be robust enough to work with current and future technologies 
The fourth principle is that all content should be designed so that it wi ll not break 
in the future , for example, when viewed in future user agents . Two guidelines support the 
fourth principle. 
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Guideline 4.1 Support compatibility with current and future user agents (including 
assistive technologies) 
Guideline 4.2 Ensure that content is accessible or provide an accessible alternative 
Source: Web Content Accessibility Guidelines (WCAG) 2.0 
In summary, many ofthe Section 508 guidelines correspond to WCAG Level 1 
conformance, which mainly addresses five web accessibility issues: using text 
equivalents for images, using text equivalents for audio , using color, using tables, and 
using flicker or blinking objects. 
The most important issue for making web accessible is to provide text equivalents 
for non-text items, such as images and multimedia files. The text equivalent is important 
because users who are blind listen to the text equivalents with their screen reader or 
talking browser. For users with hearing impaired, the text equivalent of an audio file is a 
word-to-word transcript that can be read or viewed by themselves. 
Using color is also important in web accessibility issue. Color may enhance the 
experience of visitors who are coming to a website. It can be eye-catching, highlighting, 
and increasing the visual pleasure of the site. However, under some conditions, the use of 
color will make the website inaccessible to people who are not able to distinguish colors. 
Another issue regarding color is that of providing sufficient contrast for people with 
different types of color deficits or for people who are using monochrome display (Henry, 
2006). 
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With regard to web accessibility, using tables to display data are also the primary 
concern. It is important to put headers or titles in the first row and first column for the 
screen reader users because screen readers wi ll read the table from left to right. 
Otherwise, the use of table will need to include description of the table or chart as part of 
the page. 
Using blinking objects or rapid visual changes is another concern for web 
accessibility. Both Section 508 and WCAG guidelines contain some advice on avoiding 
flicker. Both guidelines do not recommend to use the blink or marquee elements because 
their effects cannot be controlled in the browsers. This makes difficulty for people who 
use screen magnification or a magnifying glass because they can see only a part of the 
screen at the time. Such moving content can also be confusing for people with cognitive 
disabilities. 
Blind People and Screen Readers 
People with visual disabilities include four types of impairment: partially sighted, 
low vision, legally blind, and totally blind (NICHCY, 2008). Each type of impairment 
relies on different strategies and assistive devices to access online information. However, 
this study focuses only the totally blind who uses screen reader to access web contents, 
therefore, this section will discuss about their functional barriers and how they access the 
Internet. 
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People who have complete loss of vision depend on the assistive technologies, such 
as screen readers, speech synthesizers, and/or text-based browsers to read information on 
the web for them. Many screen reader users use multiple screen readers for different 
situations or types of content. For example, screen reader users in Thailand often use 
JAWS to access English contents and use TA-TIP to access Thai contents. Also, screen 
reader users use different screen readers in terms of the technologies they support. For 
example, some screen reader support Adobe Reader, some do not. 
Blind people access web content in different ways compared to sighted users . 
While sighted users are accustomed to using a mouse for navigation, most of blind people 
use keyboard shortcuts to read the content on the page. They use the tab key on a 
keyboard to navigate from link to link and search within the page for keywords. Even 
though the content is linear, screen reader users have many options of different ways to 
navigate through that content, and everyone has their own favorite techniques. 
Most screen reader users would not listen to an entire page from start to finish 
without skipping from head title to head title. Screen reader users are more likely to listen 
to an entire page only if they are new to the site or only if the content is very important to 
them, but most of the time they would rather find what they are looking for as quickly as 
possible. Headings, searches within pages, and lists of links are the most common ways 
used to find content quickly (WebAim, 2009). Understanding of how blind users read 
web contents and how screen readers work is important for web developers in order to 
address their particular needs appropriately. 
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Previous Studies regarding Evaluating Web Accessibility in Higher 
Education. 
There are several reports indicating that web site accessibility is problematic in 
higher education settings (Hackett, Parmanto, & Zeng, 2005 ; Lazer, Dudley-Sponaugle, 
& Greenidge, 2004; Lazer & Greenidge, 2006). There are four dissertations and four 
academic journals including in this section. These studies have been selected for review 
because they adopt a research method and reflect the current status of web accessibility in 
higher education. 
Up to December, 2009, there are eight studies regarding the web accessibility of 
institutes of higher education. These studies have reported findings about the web 
accessibility in higher education in term of the percentage of sites accessible or 
inaccessible (Stein, 2002; Williamson, 2005 ; Terri, 2005; Zaparyniuk & Montgomerie, 
2005 ; Jaeger, 2006 ; Kane, Shulman, & Ladner, 2007 ; Harper & De Waters, 2008 ; Smith, 
2008). 
The findings indicate a large percentage of inaccessible websites . For example, 
Zaparyniuk and Montgomerie (2005) evaluated the level of web accessibility of Canadian 
universities and colleges in November 2001 and again in November 2002. Although the 
finding from two years compared showed that there was an increase in compliance from 
year 2001 to year 2002, the finding indicated that 75 percent of 350 Canadian 
postsecondary institutions fail to meet the W3C standards. 
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Williamson (2005) analyzed 322 U.S . postsecondary homepages and pages down 
one link from the homepage and found that publicly controlled institutions have a higher 
rate of compliance to W3C and Section 508 standards than do the privately controlled 
institutions. Meanwhile, research institutions maintain a higher rate of compliance than 
do non-research institutions. His finding also indicated that while the percentage increase 
was not large, there was a trend toward greater compliance at least at Level A (Priority I) 
which is a minimum requirement for web accessibility. 
Wiliamson's study finding is correlated to the finding from Harper and Dewaters 
(2008). They investigated websites' accessibility among higher education institutions by 
using the automated evaluator, called Bobby. They found that 33 percent of colleges ' 
websites were non-compliant with W3C guidelines, while 50 percent were compliant 
with Priority I only. In the same study, they found one website that satisfied all level, 
earning triple A (Priority 3) which is a maximum requirement for web accessibility. This 
website was a specialized institution for students with disabilities . 
In a study of the conformance with web accessibility and technical 
recommendations, Smith (2008) points out there is also a differential attention to web 
accessibility and quality standards within the same organization. He measured the degree 
of conformance of 3 75 public and private institutions of higher education located in 
California. His finding revealed 10 percent of the library web pages met all Section 508 
standards, compared with I1 percent of main campus web pages in the same 
institution. 
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Among those inaccessible websites, most errors occurred in Guideline 1, which is 
to provide alternative text for non-text elements. Stein (2002) and Williamson (2005) 
note that errors from Guideline I are the most common and easy to repair, however, 
Harper and De Waters (2008) report that making such repairs often depends on a serious 
commitment from the institution. 
Some studies have reported the constraints and problems in implementing web 
accessibility guidelines and legislations. For example, Terri (2005) reveals that university 
personnel are one of the barriers because of their behavior and role conflict. They are not 
knowledgeable about the legal requirement and standards (Ron, 2004). Raising the 
awareness and promoting the best practice through the training of administrators, 
especially the web developers, are often recommended (Ron, 2004; Zaparyniuk & 
Montgomerie, 2005; Kane, Shulman, & Ladner, 2007). Moreover, the best practice also 
needs collaboration and consistent evaluation and maintenance to increase level of web 
accessibility (Harper & De Waters, 2008). 
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CHAPTER III 
METHODOLOGY 
This chapter describes research design and methodology. The first section 
provides an overview of research design. The second section defines two evaluation 
methods used in this study. The third section identifies the scope of the study by 
discussing selection of participants, guidelines, automated tools, and sample pages 
involved in this study. The fourth section addresses research questions. The fifth section 
is the process of data collection. The sixth section discusses data analysis. 
Design and Methodology 
This study utilized an embedded mixed-methods approach to evaluate Thailand 
Cyber University's website. The embedded design is a mixed-methods approach that 
embeds the qualitative data within a traditional quantitative research design or vice versa 
(Creswell, 2010, p. 90). The premise of this embedded design is that one single method is 
not sufficient. The researcher therefore embedded a qualitative interview within a 
primary quantitative research design in order to explore the accessibility and usability 
issues that were not discovered in the quantitative phase. This combination of two 
methods offer more insight on the issues and provide a comprehensive view of Thailand 
Cyber University ' s web accessibility and usability problems. 
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Based on an embedded mixed-methods design, the data were collected in two 
phases. Quantitative data was collected first with intention to identify accessibility 
problems and conformance levels reported by automated web accessibility evaluation 
tools and usability problems assessed by blind and sighted users. Qualitative data was 
gathered from blind participants' interviews in the second phase. 
Description of Evaluation Methods 
This study employed two evaluation methods to collect data: automated testing and 
user testing. Each evaluation method had its own advantages and provided different 
perspectives. Automated testing was the use of web accessibility evaluation tools to scan 
each selected web page for conformance. The automated tools checked the source code 
according to Web Content Accessibility Guidelines and returned a report in number of 
accessibility problems, type of those problems, and level of conformances (W3C, 1999). 
User testing was the use of blind and sighted participants to assess the web site. 
Participants were asked to rate the degree of difficulty in accessing information and 
completing a task on each of selected web pages. 
Scope of the Study 
It is important to note that results can be varied if different web pages, guidelines, 
automated tools, and participants are tested. This section, thus, identifies selections of 
web-based instruction providers, sample web pages, web accessibility guidelines, 
automated tools, and participants involved in this study. 
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Selection of web-based instruction providers 
Thailand Cyber University (TCU) was chosen for this study for three reasons. First, 
it was the only site that offered fully online instruction in Thailand at the time of this 
study. All learning materials and learning activities were delivered digitally. No physical 
class meeting was required. Second, it was the largest online learning provider in 
Thailand. Based on its statistics, there were more than sixty thousand registered students 
since it opened in January, 2005 . TCU had linked 36 universities in Thailand together in 
order to share educational and human resources. Third, it was supervised under the 
Thailand Ministry of Education, required by Thailand Rehabilitation Act of 2007, Section 
20, which mandated institutions that received federal funds make their website accessible 
for people with disabilities. By focusing on a specific site, it was possible to evaluate the 
web accessibility and usability of the site in much greater depth. 
Selection of sample web pages 
The sample web pages chosen for evaluation included a variety of web designs 
with different layouts and functionality, such as use of images, time-based multimedia, 
tables, forms , diagrams, or dynamically generated result (Abou-Zahra, 2009) . 
These sample web pages were categorized by types of content in order to identify 
which types of content created more or fewer accessibility problems. Three types of 
content below were typified by the researcher and her advisor, based on a situation that, if 
one was interested in completing an online course, what types of the content he or she 
would need to interact with (Moore & Kearsley, 2005). 
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The first type is general content. The sample pages in this group had the following 
characteristics: (1) the content was general text-based format; aiming to present 
information about the university, online learning, and related issues, (2) the content did 
not require user ' s interaction, and (3) the content provided necessary information for one 
who was interested to take an online course. The following web pages were selected: 
Category 1 : General Content 
Page 1. Homepage 
Page 2. Frequently Asked Question (F AQ) 
Page 3. System Checking 
Page 4. e-Learning Professional Certification 
Page 5. Master of Science in Social and Administrative Pharmacy 
The second type is course content. The sample pages in this group had the 
following characteristics: (1) the content was dynamic (non-text-based content) and 
provided in multimedia format , (2) the content was restricted by using a log-in procedure 
that only allowed the Jog-in owner to make changes on their learning profiles, and (3) the 
user was allowed to interact with the content. The following web pages were selected: 
Category 2: Course Content 
Page 6. Student Registration 
Page 7. Student Homepage 
Page 8. My Course 
Page 9. Course Homepage 
Page 10. Course Evaluation 
The third type is e-Library content. The sample pages in this group had the 
following characteristics: (1) the content was formulaic and aimed to provide specific 
results per user ' s request, (2) the content required user ' s control in order to sort and 
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search records by using a search function, and (3) the content was a subdirectory of the 
Library page. The following web pages were selected: 
Category 3: Library Content 
Page 11. Thai Library Integrated System (ThaiLis) 
Page 12. e-Journal 
Page 13. e-Book 
Selection of web accessibility guidelines 
This study checked each selected web page for conformance with Web Content 
Accessibility Guideline 2.0 (WCAG 2.0) issued by World Wide Web Consortium (W3C) 
because it is internationally accepted and the most up to date at the time of this study. The 
benefit of selecting the most updated standard helped the researcher to better assess new 
web technologies if used. As discussed in Chapter 2, there are currently two important 
sets of web accessibility guidelines: Section 508 of the Rehabilitation Act and WCAG of 
the W3C. The reason of choosing WCAG from W3C instead of Section 508 was because 
WCAG was recently updated in December, 2008; thus, it covers more accessibility 
problems and newer web technologies. Moreover, WCAG 2.0 was translated into Thai 
language and is used as web accessibility standards for Thai government's web sites 
(Mitsamarn, Gestubtim, & Junnatas, 2007). 
According to World Wide Web Consortium (1999), WCAG 2.0 is organized into 
four accessibility principles: content must be perceivable; interface components in the 
content must be operable; content and controls must be understandable; and content 
should be robust enough to work with current user agents including assistive 
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technologies. Each principle includes a list of guidelines addressing the principles. 
Success criteria are included to assist in testing conformance to the guidelines. 
The success criteria are organized into three levels. Conformance level 1 (A) 
success criteria must be reached to achieve a minimum level of web accessibility. 
Meeting conformance level 2 (AA) will result in the website achieving an enhanced level 
of accessibility. Meeting conformance level 3 (AAA) will achieve additional accessibility 
enhancements. 
Selection of automated web accessibility evaluation tools 
Two automated tools were utilized in this study. A CHECKER, developed by the 
Adaptive Technology Resource Centre (A TRC) at the University of Toronto and ASTEC, 
developed by Thailand Rehabilitative Engineering and Assistive Technology Institute 
were used as the automated tools in this study. Both automated tools were chosen 
because ( 1) they were free of charge, (2) they were based on the newest version of Web 
Content Accessibility Guideline 2.0, which was released in December, 2008 and (3) they 
returned a report in the detailed text-based format. This kind of report would indicate 
whether or not the page passes the guidelines and instances of the web accessibility 
problems listed by line number. 
Selection of participants 
Because the web is a visual medium, the group that has been most affected by 
the inaccessible designs of web sites is the visually-impaired population that depends on 
assistive technologies, such as screen readers and voicing browsers to help them use the 
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web. This group has the greatest difficulties with designs and layouts of web sites using 
full graphics without text alternatives because their assistive technologies cannot interpret 
graphics and non-text contents. Therefore, this study focused on a group of totally blind 
users who use a screen reader only. 
Participants in this study included a group of totally blind participants who use a 
screen reader and a group of sighted participants. Both groups were matched in many 
important respects, for example, ages, genders, academic status, and years of experience 
in computer and Internet. All participants were demographically representative of the 
prospective users ofTCU in that they were 18 years or older, college level , and with a 
minimum of three years of computer and Internet experiences. 
All participants were recruited through the student service office at Thammasat 
University. The recruiting procedure started with the researcher sending a recruitment 
letter (Appendix 1: Recruitment Letter for the blind group and Appendix J: Recruitment 
Letter for the sighted group) with details of the study to the student service office. 
Regarding required qualifications, the student service office contacted prospective 
participants and asked if they were interested in participating in the study. After that, the 
student service office gave a list of potential participants to the researcher. Then, the 
researcher called each participant directly to explain the study and checked if they were 
qualified to be a participant. If participants could not be reached by a phone, the 
researcher met them at the student service office instead. The potential participants were 
selected if they were qualified and consented to participation. The student service office 
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also provided a testing location and computers with installed screen reader software. 
Research Questions 
This study investigated the degree of difficulty blind persons had in accessing 
and using web-based educational resources provided by Thailand Cyber University 
(TCU). To meet the aim, the study investigated as follows: 
1. What percentage of selected Thailand Cyber University's web pages 
submitted for automated evaluation complies with Web Content Accessibility 
Guidelines 2.0 for all types of errors? 
2. How do totally blind users rate the degree of difficulty in accessing selected 
Thailand Cyber University's web pages and completing pre-defined tasks? 
3. What is the degree of agreement between automated evaluation and blind user 
evaluation for accessibility of selected Thailand Cyber University's web pages? 
4. What is the degree of agreement between blind and sighted users ' ratings of 
difficulty when completing pre-defined tasks? 
39 
Data Collection 
This study employed two methods to evaluate TCU's website: automated testing 
and user testing. The testing procedure began with the automated testing followed by the 
user testing for quantitative data. A qualitative interview was performed with the blind 
participants to learn more about their opinions on TCU's web site and their preferences 
for web design. 
The automated testing procedure started with submission of the selected web 
pages to two different automated web accessibility evaluation web portals: first , at 
ACHECKER, developed by Adaptive Technology Resource Centre at the University of 
Toronto, then at ASTEC, developed by Thailand Rehabilitative Engineering and 
Technology Institute. Both tools checked each web page against Web Content 
Accessibility Guideline (WCAG 2.0). The total number of accessibility problems and 
levels of conformance were recorded on the Automated Testing Protocol (Appendix A). 
In the user testing, blind and sighted participants were recruited to evaluate the 
website. Each participant was asked to access selected pages and complete pre-defined 
tasks in order to rate the degree of difficulty on a four point scale: (1) easy, (2) fair, (3) 
difficult, and ( 4) impossible. 
For web accessibility evaluation, participants were asked to access the following 
selected web pages : 
General Content 
Page 1. Homepage 
Page 2. Frequently Asked Question (F AQ) 
Page 3. System Checking 
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Page 4. e-Learning Professional Certification 
Page 5. Master of Science in Social and Administrative Pharmacy 
Course Content 
Page 6. Student Registration 
Page 7. Student Homepage 
Page 8. My Course 
Page 9. Course Homepage 
Page 10. Course Evaluation 
Library Content 
Page 11. Thai Library Integrated System (ThaiLis) 
Page 12. e-Journal 
Page 13. e-Book 
For web usability evaluation, participants were asked to complete the following 
pre-defined tasks: 
General Content 
Task 1. find information about the university's history 
Task 2. find out about the course offering 
Task 3. check their computer before studying 
Course Content 
Task 4. register as a student 
Task 5. edit personal profile 
Task 6. interact with the course content 
Library Content 
Task 7. use ThaiLis ' s database 
Task 8. read any e-Journal 
Task 9. read any e-book 
User testing was conducted individually in a face-to-face setting. Before 
commencement of the evaluation, participants were given an explanation about the study 
and the procedures to be used. They were also introduced to the WCAG 2.0 guidelines 
and given some examples of accessibility problems. Participants were assured that the 
evaluation was of the website and not of their ability to use the web. With their consent, 
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the participants' evaluation sessions were recorded using a voice recorder and a video 
recorder for later viewing and analysis. Their written consent was obtained before the 
evaluation. 
Participants were given the tasks one at a time. They were also asked to "think 
aloud" as they did the tasks; in particular, to articulate whenever they encountered a 
problem with the web page and what that problem was. Participants were then asked to 
rate the degree of difficulty for each task. This rating was recorded on the User Testing 
Protocol (Appendix B). 
During the testing, the researcher recorded the time participants spent to complete 
each task. She also rated the degree of difficulty as she observed the blind participants 
work to complete the tasks. The researcher ' s rating was not disclosed to the participants 
at the time of entry. The rating and completion time were noted on the Researcher's 
Observation Protocol (Appendix D). 
The qualitative interview was conducted after the blind participant completed all 
tasks. Interview questions were designed to obtain the user description about the degree 
of web accessibility and usability in their own words. This interview allowed the blind 
participants to share their opinions on the issues that the task-based testing did not cover. 
Interviews were recorded and noted on the Interview Protocol (Appendix C). 
42 
Data Analysis 
Data analysis in this mixed-method study utilized the quantitative and qualitative 
approaches. Results from the three data sources (the automated tools, blind users, and 
sighted users) were compared to determine ifthere was an agreement between them. The 
findings from both quantitative and qualitative methods were reported through numerical 
scores and narrative descriptions. 
Data from the automated testing was analyzed to answer research question 1: 
What percentage of selected Thailand Cyber University 's web pages submitted for 
automated evaluation complies with Web Content Accessibility Guidelines 2. 0 for all 
types of errors? Results from both automated tools were compared to find out an 
agreement of conformance levels between the tools. For this study, levels of conformance 
ranked from 0 to 3: 
• Level 0: A web page fails to meet a minimum Web Content Accessibility 
Guidelines (WCAG 2.0), indicating that one or more groups of disabled users 
will find it impossible to access information in the web page. 
• Level 1: A web page meets level A guidelines, indicating that one or more 
groups of disabled users will find it difficult to access information in the web 
page. 
• Level 2: A web page meets level AA guidelines, indicating that one or more 
groups of disabled users will find it somewhat difficult to access information 
in the web page. 
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• Level 3: A web page meets level AAA guidelines, indicating that one or more 
groups of disabled users will find it easy to access information in the web 
page (W3C, 1999). 
Data from the user testing was analyzed to answer research question 2: How do 
totally blind users rate the degree of difficulty in accessing selected Thailand Cyber 
University 's web pages and completing pre-defined tasks? Rating and time spent on each 
task were calculated. Qualitative interviews were coded and analyzed utilizing qualitative 
methods to reflect blind user' s experiences and opinions with TCU' s web site. 
A four-point scale was designed and assigned a score to correlate levels of the 
website ' s conformance with WCAG 2.0 as follows: 
• "Easy," a score of I - No accessibility problems exist. Users can perform 
intended task(s) easily. The web page complies with WCAG 2.0 Level 3 
(AAA). 
• "Fair," a score of 2 - Some accessibility problems exist. However, skilled 
users can perform intended task(s) with patience. The web page complies with 
WCAG 2.0 Level AA. 
• "Difficult," a score of 3- Significant accessibility problems exist. However, 
skilled users can still perform intended task(s) with considerable difficulty. 
The web page complies with WCAG 2.0 Level A. 
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• " Impossible," a score of 4 - ot possible for some users to perform intended 
task(s) without assistance. The web page fails to comply with WCAG 2.0. 
Ratings were calculated by multiplying the rating with the number of participants 
who had chosen that rating. For example, if six participants rated the page as 
"Impossible," with a score of four each, and two participants rated the page as 
"Difficult," with a score of three each, the sum of the ratings for that page would be 30: 
(6( 4)+2(3))=30. 
Average rating was calculated by using quartile calculation. To calculate the 
quartiles, the rating scores were first arranged in increasing order to find the median, 
lower quartile, and upper quartile. The 13 evaluated pages and nine pre-defined tasks 
combined to yield 22 values (9,9,10,10,12,13,14,14,14,14,15, 
15,16,17,17,17, 18,19,22,22,28 30). The median was the average of the two middle values 
(15+ 15)/2= 15. There were 11 values on either side of the median. Lower quartile or first 
quartile is 13, which is the middle value in the lower half. Upper quartile or third quartile 
is 18, which is the middle value from the upper half. 
The average ratings were organized into four quarters as follows: 
1. First quarter means "Easy," which is a score from 9 to 13. 
2. Second quarter means "Fair," which is a score from 14 to 17. 
3. Third quarter means "Difficult," which is a score from 18 to 29. 
4. Fourth quarter means "Impossible," which is a score of 30. 
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Therefore, if three participants rated the page as "Easy," four participants rated 
"Fair," and one participant rated "Difficult." The score of the rating would be 
3(1)+4(2)+1(3) = 14. A score of 14 falls into the second quarter. The average rating of 
the page is "Fair." This represents the majority of ratings because four of the eight 
participants rated that page as "Fair." 
The results from automated and blind user evaluation methods were compared to 
examine their agreement to answer research question 3: What is the degree of agreement 
between automated evaluation and blind user evaluation for accessibility of selected 
Thailand Cyber University 's web pages? 
The ratings and completion time between the blind and sighted groups were 
compared to answer research question 4: What is the degree of agreement between blind 
and sighted users ' ratings of difficulty when completing pre-defined tasks? Average time 
and time difference between two groups were calculated. The average time spent is the 
sum of the time spent by each of participants divided by the number of participants. 
Degree of time difference is the multiple of the average time spent on each task by blind 
users and compared to sighted users. 
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CHAPTER IV 
FINDINGS 
INTRODUCTION 
Evaluating Web Accessibility and Usability for Totally Blind Users at Thailand 
Cyber University investigated the degree of difficulty blind persons had in accessing and 
using web-based resources provided by Thailand Cyber University (TCU). This study 
was conducted in two phases based on an embedded mixed methods design. First, data 
was collected using automated evaluation tools to scan selected web pages. Second, data 
was gathered by blind and sighted users ' ratings of difficulty in accessing selected web 
pages and completing pre-defined tasks. 
This chapter is comprised of four sections. The first section describes the 
evaluated website and participants involved in this study. The second section reports 
findings from both evaluation methods and includes a snapshot of the evaluated web 
pages. The third section provides an answer to each research question along with 
findings. Findings are presented through tables with text descriptions. The last section 
provides a summary of the findings. 
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Evaluated website 
The website of Thailand Cyber University (TCU) was chosen to be evaluated in 
this study because it was the only website that offered complete online instruction in 
Thailand at the time of this study. All learning materials and activities were delivered 
digitally through the Internet; no face-to-face meeting required. As of May 2010, TCU 
was under the supervision of Thailand ' s Ministry of Education. Under Section 55 of2007 
Thailand Constitution and Section 20 of 2007 Thailand Rehabilitation Law, the Ministry 
of Education required federal funding institutions, such as TCU, to make their web site 
accessible to all. Thus, TCU's web site provided an ideal case study. 
The selected pages in this study included a variety of web page designs with 
different layouts and functionality, such as the use of images, time-based multimedia, 
tables, forms , diagrams, and dynamically generated results (Abou-Zahra, 2009). These 
sample pages were categorized by contents in order to identify which type of contents 
created the most or fewest accessibility problems. The researcher and her dissertation 
advisor identified three main types of content to study (General , Course, and Library 
Content) . These selections are typical of the areas with which a student would need to 
interact to successfully complete an online course (Moore & Kearsley, 2005). 
Fifteen pages were initially planned for evaluation. However, due to the dynamics 
of the website, two pages in the library section no longer existed on the website at the 
time of evaluation. The following 13 web pages were evaluated from November 10 to 
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November I5, 20 I 0. Screenshot images of each page used for this study are included 
with the permission ofTCU. 
Category I : General Content 
Page I. Homepage 
Page 2. Frequently Asked Question (F AQ) 
Page 3. System Checking 
Page 4. e-Leaming Professional Certification 
Page 5. Master of Science in Social and Administrative Pharmacy 
Category 2: Course Content 
Page 6. Student Registration 
Page 7. Student Homepage 
Page 8. My Course 
Page 9. Course Homepage 
Page I 0. Course Evaluation 
Category 3: Library Content 
Page Il. Thai Library Integrated System (ThaiLis) 
Page I2. e-Joumal 
Page I3. e-Book 
Participants 
Sixteen participants, eight blind and eight sighted users, volunteered to be a part 
of this study. The blind group was recruited and tested first, due to availability of the 
participants. The eight sighted participants were recruited after the blind subject tests 
were conducted. The sighted participants were matched with the blind group by age, 
gender, and computer and Internet experience. Both groups were recruited through the 
student services office at Thammasat University (Appendix I: Recruitment Letter for the 
blind group and Appendix 1: Recruitment Letter for the sighted group). 
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All participants were undergraduate students at Thammasat University between 
18 to 26 years of age, with little or no experience in web-based instruction. Table 4.1 , 
below, describes demographics of the participants in this study. The eight blind 
participants included five men and three women. The eight sighted participants included 
three men and five women. Participants were asked to estimate how many years they had 
used computers and the Internet. Most participants had more than nine years of 
experience in these two areas. 
Blind Sighted 
Gender Male 5 3 
Female 3 5 
Age 18-20 years 2 2 
21 -23 years 4 5 
24-26 years 2 1 
Computer and Internet experience 3-5 years 2 1 
6-8 years 3 2 
9-12 years 3 5 
Table 4.1 Demographics of the participants 
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FINDINGS 
Overview 
The automated testing was performed from November 1Oth to 15th, 2010. Testing 
with blind and sighted users took place during the last two weeks of November, 2010. All 
testing took place at the Students' Computer Lab at Thammasat University. 
From a short interview with the blind participants before commencing the 
evaluation, it was found that seven of eight blind participants had never heard of TCU or 
had any former experience with online learning because either it was not required, or 
there was no interest. All participants used Google often because it was simple and easy 
to use. 
Findings are presented according to the evaluation order beginning with the 
Homepage and ending with the e-Book subdirectory of the Library page. The results are 
reported using a side-by-side comparison strategy (Creswell , 201 0) in order to show 
relationships between the findings. Each report contains three sections. First, the 
automated testing section reports "Number of accessibility problems," and "Level of 
conformance." Second, the user testing section reports "Number of participants on each 
rating," "Score ofthe rating," "Average rating," and "Average time spent." Third, the 
researcher ' s observation provides a summary of the researcher ' s observation and the 
blind users ' think-aloud while interacting with the page. 
Average rating was calculated by using quartile calculation. To calculate the 
quartiles, the rating scores were first arranged in increasing order to find the median, 
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lower quartile, and upper quartile . The 13 evaluated pages and nine pre-defined tasks 
combined to yield 22 values (9,9,10,10,12,13,14,14,14,14,15, 
15, 16,17,17,17, 18,19 ,22,22,28 30). The median was the average of the two middle values 
(15+ 15)/2= 15 . There were 11 values on either side ofthe median. Lower quartile or first 
quartile is 13, which was the middle value in the lower half. Upper quartile or third 
quartile is 18, which was the middle value from the upper half. 
The average ratings were organized into four quarters as follows: 
1. First quarter means "Easy," which is a score from 9 to 13. 
2. Second quarter means "Fair," which is a score from 14 to 17. 
3. Third quarter means "Difficult," which is a score from 18 to 29. 
4. Fourth quarter means "Impossible," which is a score of 30. 
Therefore, if three participants rated the page as "Easy," four participants rated 
"Fair," and one participant rated "Difficult." The score of the rating would be 
3( 1 )+4(2)+ 1 (3) = 14. A score of 14 falls into the second quarter. The average rating of 
the page is "Fair." This represents the majority of ratings because four of the eight 
participants rated that page as "Fair." 
Average time spent is the sum of the time spent by each of the participants divided 
by the number of participants. 
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Figure 4.2.1 Page 1: Homepage 
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URL: http://www.thaicyberu.go.th/ 
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AUTOMATED Number of accessibility problems Levelofconformance 
TESTING 
ACHECHER 43 0 
ASTEC 160 0 
NOTE: ASTEC reported this page as the most inaccessible because it found 
more problems than other pages. 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 3 4 1 14 Fair 1.45 
SIGHTED 3 4 1 14 Fair 0.39 
NOTE: Both blind and sighted participants agreed that there was a fair degree 
of difficulty although blind participants spent 2.6 times longer than the 
sighted to identify this page as the homepage. 
RESEARCHER'S OBSERVATION 
The researcher noted that this page had no page name or heading. The page contained 
too many links and graphics which required blind participants to spend more time 
navigating across the web page than participants with eyesight to understand and 
identify the purpose of the page. The blind participants suggested the web designer to 
add the topic of the page as TCU 's Homepage and rearrange the links for easier 
navigation. There were too many links on the first page. It might be easier to navigate 
if only main topics were provided. For example, News and Edutainrnent provided too 
many links under the section. These links confused the users because the topics were 
image-based with no text equivalents. The screen reader read all the links without 
reading the topics. 
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Figure 4.2.2 Page 2: Frequently Asked Question (F AQ) 
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AUTOMATED Number of accessibility problems Levelofconformance 
TESTING 
ACHECHER 3 0 
ASTEC 3 0 
NOTE: This was the only page for which both automated tools agreed on 
the number of problems. ASTEC reported this page as the least 
inaccessible because it found fewer problems than other pages. 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 3 4 I 14 Fair 1.10 
SIGHTED 5 I 2 13 Easy 0.20 
NOTE: Blind participants spent 3.5 times longer than the sighted to identify 
this page. 
RESEARCHER'S OBSERVATION 
The researcher noted that this was the only page in this study approved by W3C's 
WCAG I.O. It failed to comply with any level of WCAG 2.0 in this study, however. 
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Figure 4.2.3 Page 3: System Checking 
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URL: http://lms.thaicyberu.go.th/Officia!TCU/systemcheck/index.asp 
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AUTOMATED Number of accessibility problems Level of conformance 
TESTING 
ACHECHER 8 0 
ASTEC I3 0 
NOTE: 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 3 4 I I4 Fair 1.27 
SIGHTED 5 2 I I3 Easy O.I6 
NOTE: Blind participants spent 5.4 times longer than the sighted to identify 
this page. 
RESEARCHER'S OBSERVATION 
The researcher noted that this page had no page name or heading. The word "System 
Checking" was image-based without text equivalent. The screen reader read all details 
on screen. The blind participants were able to identify the page because the last 
sentence read the result of your System Checking is "Pass" or "Not Pass." 
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Figure 4.2.4 Page 4: e-Learning Professional Certification 
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AUTOMATED Number of accessibility problems Level of conformance 
TESTING 
ACHECHER 6 0 
ASTEC 21 0 
NOTE: 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 7 1 9 Easy 0.47 
SIGHTED 5 3 11 Easy 0.18 
NOTE: Both groups agreed on an easy degree of difficulty. However, blind 
participants spent 2.6 times longer than the sighted to identify this 
page. 
RESEARCHER'S OBSERVATION 
The researcher noted that this was the only page that provided a heading and a list of 
links for screen reader users. All blind participants reported this page as the most 
accessible and easiest to navigate and use because there was a heading that told them 
where they were and contained a list of links that were well-organized and read 
separately from the main content. 
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Figure 4.2.5 Page 5: Master of Science in Social and Administrative Pharmacy 
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AUTOMATED Number of accessibility problems Level of conformance 
TESTING 
ACHECHER 1 0 
ASTEC 11 0 
NOTE: This was a PDF file that was inaccessible by the screen reader 
users . However, ACHECKER reported this page as the least 
inaccessible because there was only one problem found. 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 2 6 30 Impossible 1.21 
SIGHTED 3 3 I 1 16 Fair 0.23 
NOTE: Blind participants spent 3.5 times longer than the sighted to identify 
this page. 
RESEARCHER'S OBSERVATION 
This page was published right to left. Two participants claimed that the most recent 
version of the screen reader could read a PDF file but only if that PDF file was set as a 
text-based file and not a picture. 
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Figure 4.2.6 Page 6: Student Registration 
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AUTOMATED Number of accessibility problems Levelofconformance 
TESTING 
ACHECHER 100 0 
ASTEC 67 0 
NOTE: This was one of the two pages that A CHECKER detected more 
problems than ASTEC. ACHECKER reported this page as the 
most inaccessible because it found more accessibility problems 
than other pages. 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 7 1 9 Easy 0.35 
SIGHTED 6 2 10 Easy 0.06 
NOTE: Both groups of participants agreed on an easy degree of difficulty. 
However, blind participants spent 5.8 times longer than the sighted 
spent to identify this page. This page was found to have the highest 
degree of time difference when compared by the average time of both 
groups. The blind group spent 35 seconds, while the sighted group 
spent only 6 seconds. 
RESEARCHER'S OBSERVATION 
The researcher noted that the screen reader read the topic . Therefore, all blind 
participants were able to identify the name of the page right away. 
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Figure 4.2. 7 Page 7: Student Homepage 
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AUTOMATED Number of accessibility problems Level of conformance 
TESTING 
ACHECHER 77 0 
ASTEC 73 0 
NOTE: This was one of the two pages where A CHECKER detected more 
problems than ASTEC. 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 4 3 I I4 Fair 0.30 
SIGHTED 5 I 2 I3 Easy O.IO 
NOTE: Blind participants spent 3 times longer than the sighted to identify this 
page. 
RESEARCHER'S OBSERVATION 
The researcher noted that the screen reader read the topic. Therefore, all blind 
participants were able to identify the page right away. 
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Figure 4.2.8 Page 8: My Course 
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URL: http: //lms.thaicyberu.go.th/OfficialTCU/courses/coursestudy2.asp 
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AUTOMATED Number of accessibility problems Levelofconformance 
TESTING 
ACHECHER 80 0 
ASTEC 83 0 
NOTE: 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 3 3 2 15 Fair 0.30 
SIGHTED 5 1 2 13 Easy 0.06 
NOTE: Blind participants spent 5 times longer than the sighted to identify this 
page. 
RESEARCHER'S OBSERVATION 
The researcher noted that the screen reader read the topic. Therefore, all blind 
participants were able to identify the page right away. 
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Figure 4.2.9 Page 9: Course Homepage 
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ACCO 1 &uid2=anderson 
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AUTOMATED Number of accessibility problems Levelofconformance 
TESTING 
ACHECHER 4 0 
ASTEC 6 0 
NOTE: 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 3 3 2 17 Fair 0.49 
SIGHTED 7 1 9 Easy 0.21 
NOTE: Blind participants spent 2.3 times longer than the sighted to identify 
this page. 
RESEARCHER'S OBSERVATION 
The researcher noted that the screen reader read the topic. Therefore, all blind 
participants were able to identify the page right away. 
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Figure 4.2.10 Page 10: Course Evaluation 
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AUTOMATED Number of accessibility problems Levelofconformance 
TESTING 
ACHECHER 7 0 
ASTEC 30 0 
NOTE: 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 3 3 I I I6 Fair 0.54 
SIGHTED 7 I 9 Easy 0.13 
NOTE: Blind participants spent 4.1 times longer than the sighted to identify 
this page. 
RESEARCHER'S OBSERVATION 
The researcher noted that the screen reader read the topic. Therefore, all blind 
participants were able to identify the page right away. 
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Figure 4.2.11 Page II: Thai Library Integrated System (ThaiLis) 
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AUTOMATED Number of accessibility problems Level of conformance 
TESTING 
ACHECHER 27 0 
ASTEC 30 0 
NOTE: 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 6 2 10 Easy 0.34 
SIGHTED 4 3 1 13 Easy 0.11 
NOTE: Both groups agreed an easy degree of difficulty. However, blind 
participants spent 3 times longer than the sighted to identify this page. 
RESEARCHER'S OBSERVATION 
The researcher noted that the screen reader read the topic. Therefore, all blind 
participants were able to identify the page right away. 
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AUTOMATED Number of accessibi lity problems Level of conformance 
TESTING 
ACHECHER 41 0 
ASTEC 79 0 
NOTE: 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 5 1 2 15 Fair 0.28 
SIGHTED 7 1 1 9 Easy 0.13 
NOTE: Blind participants spent 2. 1 times longer than the sighted to identify 
this page. 
RESEARCHER'S OBSERVATION 
The researcher noted that the screen reader read the topic. Therefore, all blind 
participants were able to identify the page right away. 
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Figure 4.2.13 Page 13: e-Book 
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AUTOMATED Number of accessibility problems Level of conformance 
TESTING 
ACHECHER 21 0 
ASTEC 33 0 
NOTE: 
USER Number of participants on each rating Rating Ave. Ave. 
TESTING score Rating Time 
Easy Fair Difficult Impossible 
BLIND 6 2 10 Easy 0.23 
SIGHTED 4 4 12 Easy 0.13 
NOTE: Both groups agreed on the average rating. However, blind participants 
spent 1. 7 times longer than the sighted to identify this page. This page 
was also found as having the smallest degree of time difference when 
compared using the average time of both groups. 
RESEARCHER'S OBSERVATION 
The researcher noted that the screen reader read the topic . Therefore, all blind 
participants were able to identify the page right away. 
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Answers to Research Questions 
RESEARCH QUESTION 1 
Q: What percentage of selected Thailand Cyber University ' s web pages submitted for 
automated evaluation complied with Web Content Accessibility Guidelines 2.0 for all 
types of errors? 
A: None of the selected TCU web pages complied with WCAG 2.0. 
Comparison results between two automated tools 
Although ACHECKER and ASTEC result numbers varied widely, the final result 
from both evaluation tools were in agreement that each ofthe 13 evaluated pages failed 
to pass a minimum requirement of web accessibility standards. Each page received Level 
0 Conformance, which meant that the web page failed to meet Web Content Accessibility 
Guidelines (WCAG 2.0), indicating that one or more groups of disabled users will find it 
impossible to access information on the web page. 
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Page Name A CHECKER ASTEC 
GENERAL CONTENT 
Page 1. Home Page 43 160 
Page 2. FAQ 3 3 
Page 3. System Checking 8 13 
Page 4. e-Learning certificate 6 21 
Page 5. Master of Science 1 11 
TOTAL 61 208 
COURSE CONTENT 
Page 6. Student Registration 100 67 
Page 7. Student Homepage 77 73 
Page 8. My Course 80 83 
Page 9. Course Homepage 4 6 
Page 10. Course Evaluation 7 30 
TOTAL 268 259 
LIBRARY CONTENT 
Page 11 . ThaiLis 27 30 
Page 12. e-Journal 41 79 
Page 13. e-Book 21 33 
TOTAL 89 142 
Table 4.3 .1 Number of accessibility problems found on each page 
The above table presents discrepancies between ACHECKER findings and 
ASTEC findings . Theoretically, when the web pages were being tested for compliance to 
objective standards, the results for an individual web page would be consistent access 
each row, or with minimal discrepancies. This was not the case, however. The nearest the 
tools came to agreement on a web page was Page 2 (F AQ), where both tools identified a 
total of three errors. Although they agreed on numbers, the types of error were different. 
A CHECKER found one error on Guideline 1.3 and two errors on Guideline 3 .1. ASTEC 
found two errors on Guideline 2.4 and one error on Guideline 3.1. Moreover, ASTEC 
reported a substantially higher number of errors than ACHECKER (609 versus 418). 
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There were only two pages that ACHECKER reported a higher number of errors than 
ASTEC (Page 6 and Page 7). 
Based on types of content, both tools reported that most accessibility problems 
were found in Course Content. ACHECKER found 268 problems. ASTEC found 259 
problems. ACHECKER found the least problems in General Content. ASTEC found the 
least problems in Library Content. ACHECKER reported Page 6 (Student registration), 
while ASTEC reported Page I (Homepage) as the most inaccessible page because it 
found more accessibility problems than other pages. While ASTEC reported Page 2 
(FAQ), ACHECKER reported Page 5 (Master ' s Degree) as the least inaccessible page 
because it found fewer accessibility problems than other pages. 
Table 4.3.2 lists type of accessibility problems, number of accessibility problems, 
and number of the page where such a problem was found. Of I3 evaluated pages, 
A CHECKER indicated that I2 pages failed Guideline 3 .I, I 0 pages failed Guideline I. I, 
and nine pages failed Guideline I.4. ASTEC reported I3 pages failed Guideline 2.4 and 
3.I and II pages failed Guideline 1.1. 
Based on number of problems, A CHECKER found the most accessibility 
problems in Guideline I.I , while ASTEC found in Guideline 2.4, I22 and 252 
respectively. ACHECKER found the least accessibility problems in Guideline 3.2, while 
ASTEC found in Guideline I.4 (5 problems and 2.problems, respectively) . 
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A CHECKER ASTEC 
TYPE OF PROBLEMS WITH NO. NO. OF NO. NO. OF 
SUGGESTION OF PROBLEMS OF PROBLEMS PAGE PAGE 
Principle 1: Perceivable- Information and user interface components must be 
presentable to users in ways they can perceive. 
Guideline 1.1: Text Alternatives: 
Provide text alternatives for non-text 10 122 11 215 
content 
Guideline 1.3 : Adaptable: Make 
content adaptable in different ways 5 61 7 115 
and make it available to assistive 
technologies 
Guideline 1.4: Distinguishable: Use 
sufficient contrast to make content 9 91 1 2 
easy to see and hear 
Principle 2: Operable- User interface components and navigation must be 
operable. 
Guideline 2.1: Keyboard Accessible: 
Make all functionality available from 4 62 0 0 
a keyboard 
Guideline 2.4: Navigable: Provide 
ways to help users navigate, find 6 39 13 252 
content, and determine where they are 
Principle 3: Understandable- Information and the operation of user interface must 
be understandable. 
Guideline 3.1: Readable: Make text 12 24 13 13 
content readable and understandable 
Guideline 3.2: Predictable: Make 
Web pages appear and operate in 2 5 1 6 
predictable ways 
Guideline 3.3: Input Assistance: Help 1 14 3 3 
users avoid and correct mistakes 
Principle 4: Robust- Content must be robust enough that it can be interpreted 
reliably by a wide variety of user agents, including assistive technologies. 
Guideline 4.1 Compatible: Maximize 
compatibility with current and future 0 0 3 3 
user agents, including assistive 
technologies 
Table 4.3.2 Type and number of accessibility problems 
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The top three types of accessibility problems, A CHECKER found were: 
1) Guideline 1.1: the page was not perceivable because it failed to provide text 
alternatives for non-text content (found 122 times in 10 pages) . 
2) Guideline 1.4: the page was not perceivable because it failed to use sufficient 
contrast to make content easy to see and hear (found 91 times in 9 pages). 
3) Guideline 2.1: the page was not operable because it failed to make all 
functionality accessible from a keyboard (found 62 times in 4 pages). 
The top three types of accessibility problems, ASTEC found were: 
1) Guideline 2.4: the page was not operable because it failed to help users 
navigate and find content (found 252 times in 13 pages). 
2) Guideline 1.1: the page was not perceivable because it failed to provide text 
alternatives for non-text content (found 215 times in 11 pages) . 
3) Guideline 1.3: the page was not perceivable because it failed to make content 
adaptable and make it available to assistive technologies (found 115 times in 7 
pages) . 
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RESEARCH QUESTION 2 
Q: How did totally blind users rate the degree of difficulty in accessing selected Thailand 
Cyber University ' s web pages and completing pre-defined tasks? 
A: For web accessibility, of the 13 evaluated pages, the blind participants rated four easy 
(31 %), eight as fair (61 %), and one as impossible (8 %). For web usability, of the nine 
tasks, the blind participants rated two as easy (22 %), two as fair (22 %), and five as 
difficult (56%). The average time that blind participants spent to complete all tasks was 
33.36 minutes. They spent the most time on identifying Page 1 (Homepage) for 1.45 
minutes and completing Task 4 (registering as a student) for 7.43 minutes . They spent the 
least time on identifying Page 13 (e-Book) for 23 seconds. The finding indicated Page 5 
(Master of Science) had the highest score ofthe ratings, a score of30. Page 4 (e-
Learning) and page 6 (Student Registration) had the lowest score of the ratings, a score of 
9. 
Tasks undertaken 
For web accessibility, the researcher opened 13 web pages for the blind 
participant one at a time. For website usability, the researcher opened the homepage for 
the participant then asked them to perform one task at a time, for a total of nine tasks. 
Participants were asked to identify the page name or complete the task and report aloud if 
there were any accessibility problems found on the page. They were asked to rate the 
degree of difficulty to identify and navigate the page or complete the task. 
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Based on the sum of the rating found by each of the participants multiplied by the 
number of participants who rated the page, table 4.3.4, below, reports score of the rating, 
average rating, and average time blind participants spent on each page or task. 
Web Accessibility Rating AVE AVE 
General Content score RATING TIME 
1. Home page 14 Fair 1.45 
2. FAQ 14 Fair 1.10 
3. System Checking 14 Fair 1.27 
4. e-Learning professional certification 9 Easy 0.47 
5. Master of Science 30 Impossible 1.21 
Course Content 
6. Student Registration 9 Easy 0.35 
7. Student Homepage 14 Fair 0.30 
8. My Course 15 Fair 0.30 
9. Course Homepage 17 Fair 0.49 
10. Course Evaluation 16 Fair 0.54 
Library Content 
11. Thai Library Integrated System (ThaiLis) 10 Easy 0.34 
12. e-Journal page 15 Fair 0.28 
13 . e-Book page 10 Easy 0.23 
Web Usability 
General Content 
1. find specific information about the university 22 Difficult 3.68 
2. find course offering 18 Difficult 3.14 
3. check their computer before studying 13 Easy 0.56 
Course Content 
4. register as a student 19 Difficult 7.43 
5. edit personal profile 17 Fair 1.05 
6. interact with a course content 28 Difficult 2.12 
Library Content 
7. use ThaiLis ' s database 12 Easy 1.43 
8. read any journal one-Journal 22 Difficult 0.54 
9. read any e-book one-book 17 Fair 1.41 
Table 4.3.3 Blind users ' ratings and time spent on each task 
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According to Table 4.3 .3, the blind participants rated four pages (P.4, P.6, P.ll , 
and P.l3) as easy, eight pages (P. l , P.2, P.3, P.7, P.8 , P.9, P.l 0, and P.12) as fair, and one 
page (P.5) as impossible. Page 5 (Master of Science) had the highest score of the ratings, 
a score of 30. This was understandable because Page 5 was a PDF file which was 
inaccessible by screen reader users. Meanwhile, Page 4 (e-Learning) and page 6 (Student 
Registration) had the lowest score of the ratings, a score of 9. 
For web usability, the blind participants rated two tasks (T.3 and T.7) as easy, two 
tasks (T.5 and T.9) as fair, and five tasks (T.l , T.2, T.4, T.6 and T8) as difficult. Task 6 
(interacting with course content) had the highest score ofthe ratings, a score of28. It was 
reasonable because there were extensive uses of multimedia and visual presentation 
without text alternative. Meanwhile, Task 7 (searching the library ' s database) had the 
lowest score of the ratings, a score of 12, because its searching function linked to 
Google TM, which reported in the interview as the most favorite and usable web site for 
the blind. 
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Summary of Follow-up Interviews 
Five questions were asked of blind participants after evaluating the website. The 
first question asked them to grade the TCU website where A was excellent, B was good, 
C was acceptable, D was poor, and F was unacceptable. Five of the eight blind subjects 
(62.5 %) graded the website as C and the other three subjects (37.5 %) graded as B. The 
second question asked if they would be interested in returning to this website in the 
future. Each participant said yes because they found the website useful. The third 
question asked for their overall impression of the website. Collectively, they were 
impressed by free and varied contents. Moreover, participants reported that the web pages 
were not too complicated for the first time users to use. The fourth question asked for 
their suggestions to improve the web site. All participants suggested using text equivalent 
fields for all images and PDF files. They also suggested providing a title for the page and 
adding a list of links, or short-cuts for screen reader users. The last question asked for 
their opinion whether better assistive technology or better web design had a greater 
impact on improvement of web accessibility. Four of the eight participants (50%) 
answered better assistive technology because it should work well with different website 
designs . Also, the producers of assistive technology had a better understanding of blind 
persons as opposed to web designers. Therefore, they expected that good assistive 
technology could help them overcome accessibi lity problems. 
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RESEARCH QUESTION 3 
Q: What was the degree of agreement between automated evaluation and blind user 
evaluation for accessibility of selected Thailand Cyber University's web pages? 
A: There was very low agreement between the conformance level and blind users' rating. 
Although no page complied with WCAG's conformance, the blind participants rated only 
one of 13 pages as impossible. This means only one page found an agreement between 
the conformance level and blind users' rating. 
According to WCAG 2.0, conformance level 1 or Level A success criteria must 
be met to achieve a minimum level of web accessibility. Failing level 1 would result in 
one or more groups of disabled users finding it impossible or difficult to access 
information on the web page. Each successive level of compliance should lead to a higher 
degree of user ability. This was not the case, however. The findings indicated that there 
was a very low agreement between the conformance level rated by the automated tools 
and the blind users' rating. Although none of selected pages complied with a minimum 
conformance level, the blind participants rated only one page as impossible. This was 
contradictory to the following table: 
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The Automated Tool The Blind User 
Level 0 Conformance Rating as impossible, a score of 4 
Level 1 Conformance Rating as difficult, a score of 3 
Level 2 Conformance Rating as fair, a score of 2 
Level 3 Conformance Rating as easy, a score of 1 
Table 4.3.4 Expected relationship between the automated tools ' rating and the users ' 
rating 
Table 4.3.5 shows the conformance levels rated by the automated tools, score of 
the ratings, average rating, and the time that blind participants spent on each page. 
Conformance Score of the AVE 
Level ratings RATING 
GENERAL CONTENT 
1. Home Page 0 14 Fair 
2. FAQ 0 14 Fair 
3. System Checking 0 14 Fair 
4. e-Learning certificate 0 9 Easy 
5. Master of Science 0 30 Impossible 
COURSE CONTENT 
6. Student Registration 0 9 Easy 
7.Student Homepage 0 14 Fair 
8.My Course 0 15 Fair 
9. Course Homepage 0 17 Fair 
1 O.Course Evaluation 0 16 Fair 
LIBRARY CONTENT 
11.ThaiLis 0 10 Easy 
12.e-Journal 0 15 Difficult 
13. e-Book 0 10 Easy 
Table 4.3.5 Comparison of conformance level and user ' s rating 
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AVE 
TIME 
1.45 
1.10 
1.27 
0.47 
1.21 
0.35 
0.30 
0.30 
0.49 
0.54 
0.34 
0.28 
0.23 
The data in Table 4.3.5 shows all of the selected pages received a conformance 
level of 0. Based on WCAG 2.0, failing conformance level 1 could make one or more 
groups of disabled users find these pages impossible or difficult to access information on 
the web page. However, the blind participants rated four as easy, eight as fair, and one as 
impossible. Only Page 5 (Master of Science) was found to have an agreement between 
the automated tools and blind users ' rating, as shown in the Table 4.3.4. 
RESEARCH QUESTION 4 
Q: What was the degree of agreement between blind and sighted users ' ratings of 
difficulty when completing pre-defined tasks? 
A: There was an agreement between ratings from the blind and the sighted. On six out of 
22 tasks, both groups agreed on the rating, however, the time that it took to complete 
each task varied greatly between the two user groups. 
As seen in the table 4.3.6, five of 13 pages (38 %) were agreed to be equal on the 
rating of difficulty (P.1, P.4, P.6, P.11 , and P.12). For web usability, one of nine tasks (11 
%) were agreed to be equal on the rating of difficulty (T.4). Page 6 (Student registration) 
and Task 1 (Finding information) were found to have the highest degree of time 
difference between the blind and the sighted. The blind participants spent 5.8 times 
longer than the sighted to identify Page 6 (student registration) and 10 times longer than 
the sighted to find information about the university 's history (T.1 ). The smallest degree 
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of time difference was recorded at 1. 7 times to identify Page 13 ( e-Book) and to register 
as a student (T. 4). 
Blind Sighted Time Difference 
Web accessibility 
SCORE AVE AVE SCORE AVE 
AVE 
RATING TIME RATING TIME 
Page 1 14 Fair 1.45 14 Fair 0.39 2.6X 
Page 2 14 Fair 1.10 13 Easy 0.20 3.5X 
Page 3 14 Fair 1.27 13 Easy 0.16 5.4X 
Page 4 9 Easy 0.47 11 Easy 0.18 2.6X 
Page 5 30 Impossible 1.21 16 Fair 0.23 3.5X 
Page 6 9 Easy 0.35 10 Easy 0.06 5.8X 
Page 7 14 Fair 0.30 13 Easy 0.10 3X 
Page 8 15 Fair 0.30 8 Easy 0.06 5X 
Page 9 17 Fair 0.49 9 Easy 0.21 2.3X 
Page 10 16 Fair 0.54 9 Easy 0.13 4.1X 
Page 11 10 Easy 0.34 13 Easy 0.11 3X 
Page 12 15 Fair 0.28 9 Easy 0.13 2.1X 
Page 13 10 Easy 0.23 12 Easy 0.13 1.7X 
Web usability 
Task 1 22 Difficult 3.68 9 Easy 0.24 lOX 
Task 2 18 Difficult 3.14 9 Easy 0.3 6.4X 
Task 3 13 Easy 0.56 13 Easy 0.29 1.9X 
Task 4 19 Difficult 7.43 14 Fair 4.18 1.7X 
Task 5 17 Fair 1.05 9 Easy 0.29 2.2X 
Task 6 28 Difficult 2.12 11 Easy 0.48 2.7X 
Task 7 12 Easy 1.43 12 Easy 0.25 4.1X 
Task 8 22 Difficult 0.54 9 Easy 0.12 4.5X 
Task 9 17 Fair 1.41 8 Easy 0.24 4.2X 
Table 4.3.6 Comparisons between the blind and the sighted users' ratings 
This study also found that while accessibility problems were generally more 
pronounced for blind participants, the usability problems, such as name of the links and 
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inconsistent design of navigation, were mostly shared by the sighted as well. In many 
cases, these same elements were problematic across the two groups of participants. Both 
groups spent most of their time on Task 4 (registering as student). This implies some 
level of difficulty with filling in the form and not the physical characteristics of the user. 
Table 4.3.7 lists key accessibility problems identified by the blind and the sighted 
during the user testing. 
Problems Encountered Encountered 
by Blind by Sh!:hted 
Use of flash and moving images to convey content X 
Graphics and audio content does not have a text 
X 
equivalent 
Lack of consistent and clear navigation, context, and 
X X 
orientation information 
Inconsistent layout, Cluttered layout and organization X X 
Font size and color X 
Difficult drop-down and mouse-over menus X 
Pages cluttered, busy, and poorly organized X X 
Insufficient navigation elements, Inconsistent navigation, 
X X 
Navigation elements confusing and hard to use 
Lack of list of links X 
Too much scrolling required X X 
Some buttons not working X 
Table 4.3 .7 Accessibility and usability problems encountered by the blind and the sighted 
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It is here that the concept of universal design becomes important. Improving a 
site's accessibility for the blind also improve its usability to sighted people. Too much 
scrolling required, inconsistent navigation, and/or slowly down load times because of 
extensive use of animation are usability problems that can frustrate users and prevent 
them to complete a task on the web site. 
Summary of Key Findings 
In summary, this study investigated the degree of difficulty blind persons had in 
accessing and using web-based educational resources provided by Thailand Cyber 
University (TCU). The findings indicated that all of the selected web pages failed to meet 
a minimum requirement of WCAG 2.0. This means those selected web pages would be 
inaccessible for the blind. However, the findings indicate blind participants rated only 
one of the 13 pages as inaccessible. Moreover, their ratings of difficulty on "usability" 
were higher than their ratings of difficulty on "accessibility" on the same web page. On 
six out of 22 tasks (27 %), blind and sighted user groups agreed on the ratings. 
Nevertheless, the time that it took to complete each task varied greatly between the two 
user groups. 
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CHAPTER V 
DISCUSSION AND RECOMMENDATIONS 
This chapter presents discussion of the findings from automated and user 
evaluation methods based on the research questions. Both automated and user evaluation 
data are compared and contrasted to offer discussion points concerning the degree of 
agreement between them. The first section in this chapter is a summary of key findings. 
The second section is a discussion of key findings and their corroboration with previous 
related studies. The third section discusses recommendations fore-Learning web 
developers derived from this research. The fourth section identifies the limitations of this 
study. The last section provides suggestions for further research. 
Summary of Findings 
This study aimed to investigate the degree of difficulty blind persons had in 
accessing and using web-based educational resources provided by Thailand Cyber 
University (TCU). To meet the aim, the study (1) measured the web accessibility level of 
selected pages of the TCU's website by using automated tools to identify web 
accessibility problems and conformances to Web Content Accessibility Guidelines 
(WCAG 2.0), as set forth by the World Wide Web Consortium (W3C); (2) measured web 
usability levels of the same selected web pages by recruiting blind and sighted 
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participants to rate the degree of difficulty in accessing and using those selected web 
pages; (3) recorded the time it took for both subject groups to complete specific tasks on 
selected web pages; and ( 4) investigated the degree of agreement between the automated 
evaluation and user evaluation. 
This study employed two evaluation methods: automated testing and user testing 
to assess TCU' s web site. Two automated tools: ACHECKER and ASTEC were used in 
the automated testing to scan 13 selected web pages for conformance levels and number 
of accessibility problems. For the user testing, eight blind and eight sighted participants 
were recruited to assess the selected web pages under a controlled condition. Both groups 
of participants were asked to rate the degree of difficulty in accessing and using the 
selected web pages. In an evaluation of web accessibility, participants were asked to 
identify the name and content on each of the 13 selected web pages. In an evaluation of 
web usability, participants were asked to complete nine pre-defined tasks relating to 
online learning. 
Based on a mixed methods design, this study was conducted in two phases. First, 
data were collected using the automated tools to scan the selected web pages. Second, 
data were gathered from blind and sighted participants ' ratings of difficulty in accessing 
the selected web pages and completing pre-defined tasks. A follow-up interview was 
performed with the blind participants to learn more about their opinions on the TCU ' s 
web site and their preferences for web design. 
Data from the automated testing in the first phase was analyzed to answer 
research question I: What percentage of selected Thailand Cyber University 's web pages 
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submitted for automated evaluation complied with Web Content Accessibility Guidelines 
2. 0 for all types of errors? Both automated tools determined that none of the selected web 
pages complied with WCAG 2.0. Although the final results from both automated tools 
were in agreement that each of the evaluated web pages failed to pass a minimum 
requirement, the findings also revealed there were substantial discrepancies between the 
two automated tools in unique areas of the results. 
Data from the user testing in the second phase was analyzed to answer research 
question 2: How did totally blind users rate the degree of difficulty in accessing selected 
Thailand Cyber University 's web pages and completing pre-defined tasks? Of the 13 
selected pages, the blind participants rated four as easy (31% ), eight as fair ( 61% ), and 
one as impossible (8%) when they were asked to identify the name and content on the 
selected web pages. Of the nine pre-defined tasks, the same group rated two as easy 
(22%), two as fair (22%), and five as difficult (56%) when they were asked to complete a 
task on each of the selected web pages. 
The ratings of difficulty on usability were found to be higher than those for 
accessibility. For example, blind participants rated Page 1 (Homepage) as fair when they 
were asked to identify the page, but they rated Task 1 (Finding information) as difficult 
when they were asked to use the homepage to find information about the university ' s 
history. For Course Content, Page 6 (Student Registration) was rated as easy when the 
blind group was asked to identify the page, but Task 4 (Registering for a student) 
received a rating of difficult when the same group was asked to c:nter information on the 
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student registration page. For Library Content, Page 12 (e-Joumal) was rated as fair, but 
Task 8 (Reading e-Joumal) was rated as difficult. The findings indicated that the blind 
participants gave different ratings of difficulty between accessing information and 
completing a task on the same web page. 
The results from automated and blind user evaluation methods were compared to 
answer research question 3: What was the degree of agreement between automated 
evaluation and blind user evaluation for accessibility of selected Thailand Cyber 
University 's web pages? The findings showed only one ofthe 13 evaluated pages had an 
agreement between the ratings given by blind participants and the conformance levels 
given in WCAG 2.0. The results from both automated tools indicated that all of the 13 
pages failed to meet minimum web accessibility standards of WCAG 2.0. This means all 
of the selected web pages would be inaccessible for the blind, but they rated only one of 
the 13 pages as inaccessible. This finding questions to the validity and reliability of web 
content accessibility guidelines. This area of study requires further investigation 
regarding quality of the web accessibility guidelines. 
The ratings of difficulty and times of task completion for the blind and sighted 
user groups were compared to answer research question 4: What was the degree of 
agreement between blind and sighted users ' ratings of difficulty when completing pre-
defined tasks? This area of the study found there was an agreement between ratings from 
the blind and sighted user groups. According to Table 4.3.6, both groups agreed on the 
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rating for six out of22 tasks (27 %). However, the time that it took to complete each task 
varied greatly between the two user groups. 
In summary, this study investigated the degree of difficulty blind persons had in 
accessing and using web-based educational resources provided by Thailand Cyber 
University (TCU). The findings indicated that all of the selected web pages failed to meet 
a minimum requirement of WCAG 2.0. This means those selected web pages would be 
inaccessible for the blind, but the blind participants rated only one of the 13 pages as 
inaccessible. Their ratings of difficulty on usability were found to be higher than 
accessibility on the same web page. Moreover, on six out of 22 tasks, blind and sighted 
user groups agreed on the ratings. However, the time that it took to complete each task 
varied greatly between the two user groups. 
The following section discusses four key findings: 
1. There is a discrepancy between the results generated by two automated tools. 
2. Blind users ' ratings of difficulty on usability were found to be higher than on 
accessibility . 
3. There is low agreement between the automated tools and blind users ' ratings. 
4. There is agreement between the blind and the sighted users' ratings. 
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Discussion of key findings 
In addition to measuring the web accessibility levels and web usability levels, this 
study investigated the degree of agreement between the results generated by the 
automated evaluation and user evaluation. When the results from both evaluation 
methods were viewed together, four key themes emerged from the data. 
1. Discrepancy in the results generated by two automated tools. 
Although the final result from both automated tools were in agreement that each 
of the selected web pages failed to pass minimum accessibility standards, the findings 
indicated there were substantial discrepancies in the results between the two automated 
tools. Theoretically, when the web pages were being tested for compliance to objective 
standards, the results for an individual web page would be consistent or have only 
minimal discrepancies. That was not the case in this study, however. According to Table 
4.3.1, ASTEC reported a substantially higher number of errors than ACHECKER (609 
versus 418). 
In relation to literature regarding discrepancies of the automated tools, this study 
confirms the findings of Molinero and Kohun (2006) who also failed to find a consistent 
result among the automated tools. Their study investigated the degree of agreement 
between the results generated by different automated evaluation tools. They ran three 
automated tools to test 50 web sites and compared the findings for consistency. Their 
study found inconsistent results among three automated tools. They noted that the 
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problem in reliably detecting accessibility errors for compliance lies within the subjective 
components of the guidelines. 
The factor that may cause different tools to create different results is how each 
tool is written to detect accessibility problems and to handle guidelines that require 
subjective interpretation. For instance, Guideline 1.1 "Providing Text Alternative to Non-
text Content" presents some possible situations where each web evaluator may require of 
their own different type alternative text. The details within Guideline 1.1 state that there 
are exceptions that depend on how the tool is written to include or exclude non-textual 
elements as errors. Guideline 1.1 states that: 
[C]ontent that is presented to the user has a text alternative that serves the equivalent purpose, 
EXCEPT for the situations listed below. Decoration, Formatting, Invisible: If non-text content 
is pure decoration, is used only for visual fonnatting, or is not presented to users, then it is 
implemented in a way that it can be ignored by assistive technology (W3C, 1999). 
According to Table 4.3 .1, ASTEC found more accessibility errors on Guideline 
1.1 than A CHECKER (215 versus 122). ASTEC may find the use of an image without 
alternative text and count that image as an error even if it was for decorative purpose, 
such as a bullet. This offers an explanation to why there are discrepancies between 
ACHECKER findings and ASTEC findings. 
The positive benefits from the use of the automated tools may make them 
valuable to those looking for a quick check of accessibility problems. However, this 
research confirms that none of the automated tools at the time this study was conducted 
were sufficiently effective to serve as the only method of web accessibility evaluation. 
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Therefore, it is recommended that other kinds of web accessibility evaluation, such as 
manual checking and expert testing, should be incorporated for more consistent results. 
The results from the automated tools should be manually checked by an accessibility 
expert to determine whether some unique content violates certain web accessibility 
standards or guidelines. 
2. Blind users' ratings of difficulty on usability were found to be higher than 
accessibility. 
The findings showed that the degree of difficulty moved higher when the blind 
participants were asked to complete tasks on each of the selected web pages. For 
example, blind participants rated Page 1 (Homepage) as fair when they were asked to 
identify the page, but they rated Task 1 (Finding information) as difficult when they were 
asked to use the homepage to find information about the university ' s history. For Course 
Content, Page 6 (Student Registration) was rated as easy when they were asked to 
identify the page, but Task 4 (Registering for a student) received a rating of difficult 
when they were asked to complete the student registration ' s form . For Library Content, 
Page 12 (e-Journal) was rated as fair, but Task 8 (Reading e-Journal) was rated as 
difficult. 
These findings suggest that even if the page is accessible to screen reader users, 
its poor usability make completing tasks more difficult and could even prevent users from 
completing the tasks . Therefore, complying with web accessibility standards is 
insufficient to facilitate actual use, or usability. In addition to comply with the four web 
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accessibility principles, this study urges the web developers to apply universal design 
principles for improving usability of a web site. 
Under the universal design guidelines, "flexibility in use" suggests web designers 
to allow web content to be resized because some users will prefer to adjust the font size 
to increase their readability, "simple and intuitive" suggests using simple, logical , and 
consistent navigation so that users can quickly and easily navigate through the web site, 
or "equitable use" suggests including text in links for users who are surfing with images 
turned off as well as for screen reader users. Seven principles of universal design, as cited 
in Chapter 2, extend accessibility standards and address the larger issues of usability by 
making things easier for people of all ages and abilities. 
While the relationship between the term "accessibility" and "usability" seems 
intertwined, this study employs Shneiderman' s concept of "universal usability" as a term 
to encompass both accessibility and usability. Shneiderman' s concept ofuniversal 
usability goes one step further than accessibility ' s concept by striving to make the web 
content and navigation accessible and usable by all , especially people with disabilities. 
He noted that "access is not sufficient to ensure successful usage" (Shneiderman, 2000). 
He suggested that accessibility was essential but it is only the first step toward universal 
usability. 
3. Low agreement between the ratings given by automated tools and blind users. 
Although none of the selected pages complied with minimum conformance levels, 
the blind participants rated only one page as impossible to access. This was contradictory 
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to the Table. 4.3.4. According to WCAG 2.0, conformance level 1 or Level A success 
criteria must be met to achieve a minimum level of web accessibility. Failing level 1 
would result in one or more groups of disabled users finding it impossible or difficult to 
access information on the web page. Each successive level of compliance should lead to a 
higher degree of user ability. This was not the case, however. The findings indicated that 
there was a very low agreement between the conformance levels given in WCAG 2.0 and 
the ratings given by the blind participants. 
A possible explanation for this contradiction is because the automated tool and the 
blind user judged the pages based on different criteria. The automated tools were 
designed to check the pages against WCAG 2.0 ' s success criteria, while the blind 
participants judged the degree of difficulty according to the time they spent. For 
example, under Guideline 1 success criteria, the automated tool checked if text alternative 
was provided, if font size was adjustable, and if foreground color was distinguished from 
background color. If the automated tools did not find these requirements, the page failed 
to meet Guideline 1, a minimum web accessibility guideline. The blind participants were 
asked to identify the name of the page and types of content. They did not check the page 
to see if there was a picture without alternative, if the font size was adjustable, if the 
foreground color differed from the background color. Thus, these criteria were irrelevant 
to the blind participants. The blind participants did not rate the degree of difficulty based 
on the success criteria. If the page provided the title at the beginning of the page, the 
blind participants tended to rate it as easy. If the page did not provide the title, the blind 
participants tended to infer meaning of the page from the content. 
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This finding of low agreement between users ' ratings and the automated tools ' 
conformance levels confirms the findings of Petrie and Kheir (2007) who failed to find 
such an agreement in their study. Their study compared severity ratings of problems 
found in a group of sites by two sets of guidelines (Web Content Accessibility Guidelines 
(WCAG) 1.0 and the Health and Human Services (HHS) guidelines) between an expert 
and a user group. However, Petrie and Kheir (2007) found no relationship between the 
ratings given by users and the priorities given in WCAG 1.0. They suggested web 
developers reference severity ratings from users or an expert rather than those provided 
by guidelines because many aspects, such as poor categorization, cannot be checked by 
the automated tools. 
In addition, Mankoff, Fait, and Tran (2005) compared four different web 
evaluation methods to find the best technique that supports iterative design for web 
developers who have no web accessibility experience. They started by gathering baseline 
data on the accessibility of four web sites via a lab study with blind users. They then 
tested the baseline data against the blind users, an automated tool , and web designers both 
with and without a screen reader. Their study found that no single evaluator or tool could 
be counted on to find a high percentage of accessibility problems. Their findings 
indicated that the four testing methods rarely agreed on anything: 
There was no strong correlation between the WCAG priority of a problem and the severity 
assigned to the same problem by developers, or the severity assigned by developers and the 
severity derived from [the blind users]. Add itionally , simply meeting WCAG Priority I guidelines 
was not sufficient to address the most severe problems found by [the blind users]. 
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This area of the study requires further investigation into whether or not a 
successively higher level of compliance leads to a lower degree of difficulty. 
Unfortunately, all selected pages in this study failed a minimum standard. Therefore, this 
study cannot confirm whether each successive level of compliance would lead to a higher 
degree of user ability. Future study should include reporting on how well the pages 
comply with each level of conformance and analyze the degree to which higher 
conformance levels correspond to the blind users' reports on usability. 
4. There is agreement between the blind and the sighted users' ratings. 
This study compared the ratings and the time spent in navigating selected web 
pages between blind and sighted participants ' use of the selected web pages. The findings 
indicated that there was agreement between ratings from the blind and sighted user 
groups. However, the time that both groups took to complete each task varied greatly. For 
example, both groups agreed that Page 6 (student registration) was easy, yet the blind 
participants spent 5.8 times longer than the sighted to identify the page. The blind group 
spent 3 5 seconds and the sighted group spent 6 seconds. The highest degree of time 
difference was found at 10 times longer to find information on the homepage (Task 1 ), 
where the blind group spent 3.68 minutes and the sighted group spent 24 seconds on the 
same task. 
One feasible explanation for why the blind group spent more time than the sighted 
group is because blind people access web content in different ways compared to sighted 
participants. While sighted users are accustomed to using a mouse for navigation, most of 
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blind people use keyboard shortcuts to read the page contents. They use the tab key on a 
keyboard to navigate from link to link and search within the page for keywords. This is a 
highly possible explanation for finding that the blind group spent 10 times longer than the 
sighted group to find information on the homepage (3.68 minutes versus 24 seconds) 
because the homepage contained many links to information (Figure 1). The blind thus 
spent time navigating from link to link when they did not know to search for the exact 
keyword. On the other hand, Page 13 ( e-Book) looked cleaner and better-organized 
compared to the homepage. Page 13 had the smallest degree of time difference between 
the two groups when the task was to identify the page (13 seconds versus 23 seconds). 
According to the universal design principles, this is an example of a good web design that 
offers ease of use for both sighted and blind users . 
The findings in this study also indicated that while accessibility problems were 
generally more pronounced for blind participants when compared to sighted users, the 
usability problems, such as a confusing name of the link and inconsistent design of 
navigation were mostly shared by the sighted as well. In many cases, the usability 
elements were problematic across the two groups of participants. For example, both 
groups spent most of their time on Task 4 (registering as a student). The blind group 
spent 7.43 minutes and the sighted group spent 4.18 minutes to complete the registration 
form. Both groups spent the least of their time on Page 13 (e-Book). The blind group 
spent 23 seconds and the sighted group spent 13 seconds to identify Page 13 as an e-Book 
page. This identifies problems with the design and navigation of the web page, not the 
physical characteristics of the users. 
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These findings emphasize the importance of universal design principles that 
address usability issues by making things simple and easy for people of all ages and 
abilities. The seven principles include equitable use, flexibility in use, simple and 
intuitive use, perceptible information, tolerance for error, low physical effort, and size 
and space for approach and use . Each principle provides guidelines to address different 
needs for diversity for intended learners. This study urges web developers to employ the 
universal design principles to improve usability of a web site. A web site that is designed 
for universal usability from the beginning will be more likely to comply with web 
accessibility standards than a site that is retrofitted for compliance (Ron, 2004; 
Zaparyniuk & Montgomerie, 2005 ; Jaeger, 2006; Kane, Shulman, & Ladner, 2007). 
Recommendations fore-Learning Web Developers 
These recommendations emerge from the findings of this study and the relevant 
literature review. First, due to the discrepancy of the results between the automated tools, 
it is important to have an accessibility expert in web evaluation. There are some 
accessibility guidelines and exceptions that require subjective interpretation from an 
expert to determine whether some unique content violate certain web accessibility 
standards or guidelines. No single automated tool is capable of evaluating all aspects of 
accessibility to the point of being able to absolutely confirm the accessibility of a website 
(Thatcher et al, 2002). The results from the automated tools should be manually checked 
by an accessibility expert. 
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Second, due to the fact that an accessible web page could be poor in the usability 
aspect, it is important to focus on improving usability rather than only accessibility. A 
key element of usability is designing a web page for screen reader users. Based on a 
follow-up interview with the blind participants, they suggested the web developer provide 
the following features: 
a. Descriptive headings and page titles- this could help screen reader users to 
easily understand the page structure. The screen reader reads through the 
HTML code. If a page title is labeled as a heading within the HTML code, the 
screen reader will announce that it is a heading. Otherwise, the users need to 
spend time listening to a lot of unnecessary and irrelevant information and 
then infer the meaning of the page from the content. 
b. List of on-page links- this could help screen reader users to jump to the 
section of the page where they want to go. Screen reader users usually browse 
through the web page by calling up a list of links. They then go to the section 
they want. 
c. Consistent navigation and layout- this could help screen reader users to work 
faster when they get familiar with the page structure. It wastes time for screen 
reader users to learn and relearn how to use the website if the page layout and 
functional elements change from page to page. Consistency of page layout and 
navigation design could help the users to focus on the task instead of the 
design of the page. 
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d. Short and clear homepage - this could help screen reader users to get a good 
start on what and where they need to go . Too much information on the 
homepage overwhelms and bothers the users when they use the web site. The 
web developer should ensure that only important information is presented on 
the front page and provide the users with descriptive links. 
As the findings in this study indicated, blind and sighted user groups agreed to the 
rating of difficulty for 27 percent of all the tasks. In many cases, the usability elements 
were problematic across the two groups of participants. Focusing on improving usability 
of the web site would be consistent with the principles of universal design and thus is 
highly recommended. 
Third, due to the fact that the blind participants did not agree with conformance 
levels given in WCAG 2.0, this area of the study requires further investigation into 
whether or not higher successive levels of compliance lead to a higher degree of user 
ability. Future study should include reporting on how well the pages comply with each 
level of conformance and analyze the degree to which higher conformance levels 
correspond to the blind users ' reports on usability. 
Moreover, the reliability and validity of Web Content Accessibility Guidelines 
(WCAG) in reliably identifying only true accessibility problems and rating levels of 
conformance are still questionable . Although WCAG has been widely used and has a 
major impact on private and public organizations worldwide, no study has been published 
regarding effectiveness of the web accessibility guidelines. The extent to which different 
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automated evaluators of the same page return different results also leaves room for 
further investigation. 
Fourth, the findings in this study suggest that complying with web accessibility 
standards is not enough to ensure equal access to people with disabilities. It is important 
to apply universal design principles from the beginning of web site development. A web 
site that is designed for universal usability from the beginning will require less effort later 
to maintain and will be more likely to comply with web accessibility standards than a site 
that is retrofitted for compliance (Ron, 2004; Zaparyniuk & Montgomerie, 2005; Jaeger, 
2006; Kane, Shulman, & Ladner, 2007). 
Limitations of the Study 
It is important to note that results presented in this study might have varied if 
different participants were included in the focus of this study, if different assistive 
technologies were used, and if different web pages and tasks were tested. 
First, due to the dynamic nature of the web sites that requires frequent updating, 
the findings presented here are a snapshot in time. Results could vary if the evaluation is 
conducted at a different time. In addition, selected web pages and pre-defined tasks are 
only representatives of common web pages and typical online tasks. Results can vary in 
different web tests and tasks. 
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A second limitation is the user. The findings of this study resulted from individual 
user experiences and the adaptive strategies of eight unique blind persons who identified 
themselves as totally blind. As noted by W3C, 2010, "A person with a disability does not 
necessarily know how other people with the same disability interact with the Web, nor 
know enough about other disabilities to provide valid guidance on other accessibility 
issues" (W3C, 1999). The findings of this study may not represent all users with 
blindness. Thus, direct generalizations to other users with blindness or with different 
disabilities may not be advisable . 
Third, as the results showed in this study, the two automated tools returned 
different results. The results from the tools should be manually checked by an 
accessibility expert because the tools are incapable of automatically determining whether 
some unique content had violated certain web accessibility standards or guidelines. The 
numerical results from the automated tools should be carefully interpreted by an expert. 
Implications for Further Research 
Several important areas for further inquiry have emerged from this research. First, 
since this study found the results from both automated and user testing methods rarely 
agreed, future research should include other kinds of web accessibility evaluation, such as 
manual checking and expert testing for more consistent results. Moreover, due to the 
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dynamic nature of a website, there should be follow-up evaluations from time to time to 
see if development of accessibility and improved usability levels are being maintained. 
Second, the university researched in this study has a unique educational 
environment; thus, the accessibility and usability issues under different environments, 
different course management systems, technical infrastructure, intended learners, and 
web accessibility policy, could be investigated further. This kind of research would 
provide insight into how different contextual factors influence the development of 
improved web accessibility. 
Third, because there are various types of disabilities and a wide range in degree of 
disabilities that students have in higher education settings, it is important to note that only 
one type of disability was investigated in this study. To fully understand the phenomena 
of web accessibility and usability problems, it would be useful to conduct additional 
research to explore the perspectives and problems of students with different types of 
disabilities. 
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APPENDIX A 
AUTOMATED-TESTING PROTOCOL 
Automated Tool: A CHECKER ASTEC 
NO. OF LEVEL OF NO. OF LEVEL OF 
ERROR COMPLIANCE ERROR COMPLIANCE 
General Content 
Page I. Home page 
Page 2. FAQ 
Page 3. System Checking 
Page 4. e-Learning 
professional certification 
Page 5. Master of Science 
in Social and 
Administrative Pharmacy 
Course Content 
Page 6. Student 
Registration 
Page 7. Student Homepage 
Page 8. My Course 
Page 9. Course Homepage 
Page I 0. Course Evaluation 
Library Content 
Page II. Thailand Union 
Catalog 
Page 12. e-Journal 
Page 13 . e-Book 
TOTAL 
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APPENDIXB 
USER-TESTING PROTOCOL 
Participant Identification: . . . . ........ . . .. . . . 
Testing Date and Time: .................................. .. .............. ..... ... ............. .. 
Gender: ..................... Age: . . ........ .... ... Education ....... . ........... . ......... . 
Computer Proficiency ......... . . .. . ... .... years and 
Consider yourself as [ ] Beginner [ ] Intermediate [ ] Advance 
Internet Proficiency . ... . ... . .............. years and 
Consider yourself as [ ] Beginner [ ] Intermediate [ ] Advance 
N arne of browser used for testing today ........ .... .. ...... .. . .. . . .... .. . .. .. . 
[For Blind Participants] 
Screen Reader Proficiency ....... ...... . . years and 
Consider yourself as [ ] Beginner [ ] Intermediate [ ] Advance 
Name of screen reader used for testing today .............. .......... .. .... .. 
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Degree of Difficulty Easy Fair Difficult Impossible (1) (2) (3) (4) 
Web accessibility 
1. Home page 
2. FAQ 
3. Check computer 
4. e-Learning professional 
5. Master of Science 
6. Student Registration 
7. Student Homepage 
8. My Course 
9. Course Homepage 
10. Course Evaluation 
11. Thailand Union Catalog 
12. e-Journal 
13 . e-Book 
Web usability 
1. to acquire specific 
information about the university 
2. to find out about the course 
offering 
3. to check their computer 
before studying 
4. to register as a student 
5. to edit personnel profile 
6. to interact with the course 
content 
7. to search for a specific 
information in Thailand Union 
Catalog 
8. to read a content one-Journal 
9. to read a content on e-book 
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APPEND/XC 
INTERVIEW PROTOCOL 
Pre-user-testing session interview questions: 
Question I: What web sites do you usually use? 
Question 2: Why do you usually use such web sites? 
Question 3: Have you ever studied online before? 
Question 4: If no, why or what makes you do not want to take an online class? 
Question 5: Have you ever heard about Thailand Cyber University or seen its web site 
before? 
Follow-up interview questions: 
Question I: What would you grade this web site, where A was exemplary and F was 
failing, and why? 
Question 2: Would you return to this web site on your own in the future? Why I why not? 
Question 3: What are your overall impressions of the web site? 
Question 4: Are there ways you suggest the site could be improved? 
Question 5: Do you think either "better assistive technology" or "better web site" has a 
bigger impact on improvement to web accessibility? 
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APPENDIXD 
RESEARCHER'S OBSERV AT/ON PROTOCOL 
Testing Date and Time: .. . . ..................... .. .......... .. .... .... .. .................... .. .. 
Degree of Difficulty 
Task Time Easy Fair Difficult Impossible 
(1) (2) (3) (4) 
Web Accessibility 
1. Home page 
2. FAQ 
3. Check your computer 
before you start studying 
4. e-Learning professional 
certification 
5. Master of Science in 
Social and Administrative 
Pharmacy 
6. Student Registration 
7. Student Homepage 
8. My Course 
9. Course Homepage 
10. Course Evaluation 
11. Thailand Union 
Catalog 
12. e-Journal 
13 . e-Book 
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Web Usability 
1. to acquire specific 
information about the 
university 
2. to find out about the 
course offering 
3. to check their computer 
before studying 
4. to register as a student 
5. to edit personnel profile 
6. to interact with the 
course content 
7. to search for a specific 
information in Thailand 
Union Catalog 
8. to read a content on 
e-Joumal 
9. to read a content on 
e-book 
Note: .............................................................................................. . 
118 
APPENDIX£ 
Web Content Accessibility Guidelines 2.0 (WCAG 2.0) 
Principle 1: Perceivable- Information and user interface components must be 
presentable to users in ways they can perceive. 
• Guideline 1.1 Text Alternatives: Provide text alternatives for any non-text content 
so that it can be changed into other forms people need, such as large print, Braille, 
speech, symbols or simpler language. 
o Success Criterion 1.1 .1 Non-text Content: All non-text content that is 
presented to the user has a text alternative that serves the equivalent 
purpose, except for the situations listed below. (Level A) 
• Guideline 1.2 Time-based Media: Provide alternatives for time-based media. 
o Success Criterion 1.2.1 Audio-only and Video-only (Prerecorded): For 
prerecorded audio-only and prerecorded video-only media, the following 
are true, except when the audio or video is a media alternative for text and 
is clearly labeled as such: (Level A) 
o Success Criterion 1.2.2 Captions (Prerecorded): Captions are provided for 
all prerecorded audio content in synchronized media, except when the 
media is a media alternative for text and is clearly labeled as such. (Level 
A) 
o Success Criterion 1.2.3 Audio Description or Media Alternative 
(Prerecorded): An alternative for time-based media or audio description of 
the prerecorded video content is provided for synchronized media, except 
when the media is a media alternative for text and is clearly labeled as 
such. (Level A) 
o Success Criterion 1.2.4 Captions (Live): Captions are provided for all live 
audio content in synchronized media. (Level AA) 
o Success Criterion 1.2.5 Audio Description (Prerecorded): Audio 
description is provided for all prerecorded video content in synchronized 
media. (Level AA) 
o Success Criterion 1.2.6 Sign Language (Prerecorded): Sign language 
interpretation is provided for all prerecorded audio content in 
synchronized media. (Level AAA) 
o Success Criterion 1.2.7 Extended Audio Description (Prerecorded): Where 
pauses in foreground audio are insufficient to allow audio descriptions to 
convey the sense of the video, extended audio description is provided for 
all prerecorded video content in synchronized media. (Level AAA) 
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o Success Criterion 1.2.8 Media Alternative (Prerecorded): An alternative 
for time-based media is provided for all prerecorded synchronized media 
and for all prerecorded video-only media. (Level AAA) 
o Success Criterion 1.2.9 Audio-only (Live): An alternative for time-based 
media that presents equivalent information for liv~ audio-only content is 
provided. (Level AAA) 
• Guideline 1.3 Adaptable: Create content that can be presented in different ways 
(for example simpler layout) without losing information or structure. 
o Success Criterion 1.3.1 Info and Relationships: Information, structure, and 
relationships conveyed through presentation can be programmatically 
determined or are available in text. (Level A) 
o Success Criterion 1.3.2 Meaningful Sequence: When the sequence in 
which content is presented affects its meaning, a correct reading sequence 
can be programmatically determined. (Level A) 
o Success Criterion 1.3.3 Sensory Characteristics: Instructions provided for 
understanding and operating content do not rely solely on sensory 
characteristics of components such as shape, size, visual location, 
orientation, or sound. (Level A) 
• Guideline 1.4 Distinguishable: Make it easier for users to see and hear content 
including separating foreground from background. 
o Success Criterion 1.4.1 Use of Color: Color is not used as the only visual 
means of conveying information, indicating an action, prompting a response, 
or distinguishing a visual element. (Level A) 
o Success Criterion 1.4.2 Audio Control: If any audio on a Web page plays 
automatically for more than 3 seconds, either a mechanism is available to 
pause or stop the audio, or a mechanism is available to control audio volume 
independently from the overall system volume level. (Level A) 
o Success Criterion 1.4.3 Contrast (Minimum): The visual presentation of text 
and images of text has a contrast ratio of at least 4.5: 1, except for the 
following: (Level AA) 
o Success Criterion 1.4.4 Resize text: Except for captions and images of text, 
text can be resized without assistive technology up to 200 percent without loss 
of content or functionality. (Level AA) 
o Success Criterion 1.4.5 Images ofText: Ifthe technologies being used can 
achieve the visual presentation, text is used to convey information rather than 
images of text except for the following: (Level AA) 
o Success Criterion 1.4.6 Contrast (Enhanced) : The visual presentation of text 
and images of text has a contrast ratio of at least 7:1, except for the following: 
(Level AAA) 
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o Success Criterion 1.4. 7 Low or No Background Audio: For prerecorded 
audio-only content that (1) contains primarily speech in the foreground, (2) is 
not an audio CAPTCHA or audio logo, and (3) is not vocalization intended to 
be primarily musical expression such as singing or rapping, at least one of the 
following is true: (Level AAA) 
o Success Criterion 1.4.8 Visual Presentation: For the visual presentation of 
blocks of text, a mechanism is available to achieve the following : (Level 
AAA) 
o Success Criterion 1.4.9 Images of Text (No Exception): Images of text are 
only used for pure decoration or where a particular presentation of text is 
essential to the information being conveyed. (Level AAA) 
Principle 2: Operable- User interface components and navigation must be operable. 
• .Guideline 2.1 Keyboard Accessible: Make all functionality available from a 
keyboard. 
o Success Criterion 2.1.1 Keyboard: All functionality of the content is operable 
through a keyboard interface without requiring specific timings for individual 
keystrokes, except where the underlying function requires input that depends 
on the path of the user's movement and not just the endpoints. (Level A) 
o Success Criterion 2.1.2 No Keyboard Trap: If keyboard focus can be moved to 
a component of the page using a keyboard interface, then focus can be moved 
away from that component using only a keyboard interface, and, if it requires 
more than unmodified arrow or tab keys or other standard exit methods, the 
user is advised of the method for moving focus away. (Level A) 
o Success Criterion 2.1.3 Keyboard (No Exception): All functionality of the 
content is operable through a keyboard interface without requiring specific 
timings for individual keystrokes. (Level AAA) 
• Guideline 2.2 Enough Time: Provide users enough time to read and use content. 
o Success Criterion 2.2.1 Timing Adjustable: For each time limit that is set by 
the content, at least one of the following is true: (Level A) 
o Success Criterion 2.2.2 Pause, Stop, Hide: For moving, blinking, scrolling, or 
auto-updating information, all ofthe following are true: (Level A) 
o Success Criterion 2.2.3 No Timing: Timing is not an essential part of the 
event or activity presented by the content, except for non-interactive 
synchronized media and real-time events. (Level AAA) 
o Success Criterion 2.2.4 Interruptions : Interruptions can be postponed or 
suppressed by the user, except interruptions involving an emergency. (Level 
AAA) 
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o Success Criterion 2.2.5 Re-authenticating: When an authenticated session 
expires, the user can continue the activity without loss of data after re-
authenticating. (Level AAA) 
• Guideline 2.3 Seizures: Do not design content in a way that is known to cause 
seizures. 
o Success Criterion 2.3.1 Three Flashes or Below Threshold: Web pages do not 
contain anything that flashes more than three times in any one second period, 
or the flash is below the general flash and red flash thresholds. (Level A) 
o Success Criterion 2.3.2 Three Flashes: Web pages do not contain anything 
that flashes more than three times in any one second period. (Level AAA) 
• Guideline 2.4 Navigable: Provide ways to help users navigate, find content, and 
determine where they are. 
o Success Criterion 2.4.1 Bypass Blocks: A mechanism is available to bypass 
blocks of content that are repeated on multiple Web pages. (Level A) 
o Success Criterion 2.4.2 Page Titled: Web pages have titles that describe topic 
or purpose. (Level A) 
o Success Criterion 2.4.3 Focus Order: If a Web page can be navigated 
sequentially and the navigation sequences affect meaning or operation, 
focusable components receive focus in an order that preserves meaning and 
operability. (Level A) 
o Success Criterion 2.4.4 Link Purpose (In Context): The purpose of each link 
can be determined from the link text alone or from the link text together with 
its programmatically determined link context, except where the purpose of the 
link would be ambiguous to users in general. (Level A) 
o Success Criterion 2.4.5 Multiple Ways: More than one way is available to 
locate a Web page within a set of Web pages except where the Web Page is 
the result of, or a step in, a process. (Level AA) 
o Success Criterion 2.4.6 Headings and Labels: Headings and labels describe 
topic or purpose. (Level AA) 
o Success Criterion 2.4.7 Focus Visible : Any keyboard operable user interface 
has a mode of operation where the keyboard focus indicator is visible. (Level 
AA) 
o Success Criterion 2.4.8 Location: Information about the user's location within 
a set of Web pages is available. (Level AAA) 
o Success Criterion 2.4.9 Link Purpose (Link Only): A mechanism is available 
to allow the purpose of each link to be identified from link text alone, except 
where the purpose ofthe link would be ambiguous to users in general. (Level 
AAA) 
o Success Criterion 2.4.1 0 Section Headings: Section headings are used to 
organize the content. (Level AAA) 
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Principle 3: Understandable- Information and the operation of user interface must 
be understandable. 
• Guideline 3.1 Readable: Make text content readable and understandable. 
o Success Criterion 3 .1.1 Language of Page: The default human language of 
each Web page can be programmatically determined. (Level A) 
o Success Criterion 3.1.2 Language of Parts: The human language of each 
passage or phrase in the content can be programmatically determined except 
for proper names, technical terms, words of indeterminate language, and 
words or phrases that have become part of the vernacular of the immediately 
surrounding text. (Level AA) 
o Success Criterion 3.1.3 Unusual Words : A mechanism is available for 
identifying specific definitions of words or phrases used in an unusual or 
restricted way, including idioms and jargon. (Level AAA) 
o Success Criterion 3.1.4 Abbreviations: A mechanism for identifying the 
expanded form or meaning of abbreviations is available. (Level AAA) 
o Success Criterion 3.1.5 Reading Level: When text requires reading ability 
more advanced than the lower secondary education level after removal of 
proper names and titles, supplemental content, or a version that does not 
require reading ability more advanced than the lower secondary education 
level, is available. (Level AAA) 
o Success Criterion 3 .1.6 Pronunciation: A mechanism is available for 
identifying specific pronunciation of words where meaning of the words, in 
context, is ambiguous without knowing the pronunciation. (Level AAA) 
• Guideline 3.2 Predictable: Make Web pages appear and operate in predictable 
ways. 
o Success Criterion 3.2.1 On Focus: When any component receives focus, it 
does not initiate a change of context. (Level A) 
o Success Criterion 3.2.2 On Input: Changing the setting of any user interface 
component does not automatically cause a change of context unless the user 
has been advised of the behavior before using the component. (Level A) 
o Success Criterion 3.2.3 Consistent Navigation: Navigational mechanisms that 
are repeated on multiple Web pages within a set of Web pages occur in the 
same relative order each time they are repeated, unless a change is initiated by 
the user. (Level AA) 
o Success Criterion 3 .2.4 Consistent Identification: Components that have the 
same functionality within a set of Web pages are identified consistently. 
(Level AA) 
o Success Criterion 3.2.5 Change on Request: Changes of context are initiated 
only by user request or a mechanism is available to turn off such changes. 
(Level AAA) 
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• Guideline 3.3 Input Assistance: Help users avoid and correct mistakes. 
o Success Criterion 3.3 .1 Error Identification : If an input error is automatically 
detected, the item that is in error is identified and the error is described to the 
user in text. (Level A) 
o Success Criterion 3.3 .2 Labels or Instructions: Labels or instructions are 
provided when content requires user input. (Level A) 
o Success Criterion 3.3.3 Error Suggestion: If an input error is automatically 
detected and suggestions for correction are known, then the suggestions are 
provided to the user, unless it would jeopardize the security or purpose of the 
content. (Level AA) 
o Success Criterion 3.3.4 Error Prevention (Legal , Financial, Data) : For Web 
pages that cause legal commitments or financial transactions for the user to 
occur, that modify or delete user-controllable data in data storage systems, or 
that submit user test responses, at least one of the following is true: (Level 
AA) 
o Success Criterion 3.3.5 Help: Context-sensitive help is available. (Level 
AAA) 
o Success Criterion 3.3.6 Error Prevention (All): For Web pages that require the 
user to submit information, at least one of the following is true: (Level AAA) 
Principle 4: Robust- Content must be robust enough that it can be interpreted 
reliably by a wide variety of user agents, including assistive technologies. 
• Guideline 4.1 Compatible : Maximize compatibility with current and future user 
agents, including assistive technologies. 
o Success Criterion 4.1.1 Parsing: In content implemented using markup 
languages, elements have complete start and end tags, elements are nested 
according to their specifications, elements do not contain duplicate attributes, 
and any IDs are unique, except where the specifications allow these features. 
(Level A) 
o Success Criterion 4.1.2 Name, Role, Value: For all user interface components 
(including but not limited to: form elements, links and components generated 
by scripts), the name and role can be programmatically determined; states, 
properties, and values that can be set by the user can be programmatically set; 
and notification of changes to these items is available to user agents, including 
assistive technologies. (Level A) 
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Boston University 
APPENDIXF 
INFORMED CONSENT 
RESEARCH CONSENT FORM 
Title of Project: Evaluating Web Accessibility and Usability at Thailand Cyber 
University for Totally Blind Users 
Principal Investigator: Ms. Salinee Kuakiatwong 
This study aims to investigate the degree of difficulty blind persons have in 
accessing and using web-based resources provided by Thailand Cyber University (TCU). 
The purpose of this study is to provide recommendations that will help university Web 
developers better understand the needs of totally blind users and make their Website 
accessible and usable by those who rely on screen reader adaptive technologies. To meet 
the aims, this study will (1) evaluate Thailand Cyber University ' s Web site for 
accessibility level by automated tools; (2) evaluate its Web usability level by users; and 
(3) find out the correlation between automated and user evaluations. Ms Salinee 
Kuakiatwong, a student researcher, is conducting this research as part of her dissertation 
research in completing her doctorate and her faculty committee is supervising the 
research. Anticipated duration of the entire study is December, 2010. 
You are invited to participate in the user-testing session on a voluntary basis, 
which will be no more than two hours per session. You will be one of 10 blind and 10 
sighted participants who are at least 18 years old, a minimum of 3 years of computer and 
Internet experiences, and undergraduate or graduate students. The testing will take place 
at Thammasat University. 
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During the session, you will be asked to visit 15 selected Web pages and complete 
9 tasks in order to rate the degree of difficulty in accessing information on and using the 
TCU's website. These tasks require only common computer interactions and should 
cause no more difficulties than any other online interaction. However, to minimize any 
discomfort you may experience in completing these tasks, a researcher will sit near you 
and guide you through the testing process. You are also allowed to bring a friend or 
family member to stay with you in the testing room to monitor the research. Meanwhile, 
the researcher will observe and record how you interact with the Web pages and take 
notes. Blind participants will also be interviewed and the interviews recorded by a voice 
recorder. Additionally, your computer monitor will be captured by a video recorder as 
you interact with the Web pages. There may be unforeseen risks to the study. If new 
risks are identified the researcher will update you in a timely way about any new 
information that might affect your health, welfare, or decision to stay in the study. 
Your responses to the testing will be reported anonymously in publication and all 
data will be stored in locked files and password protected computers only accessible to 
the researcher and her dissertation advisor during the research and destroyed at the end of 
the research. Your information may be used in publications or presentations. However, 
the information will not include any personal information that will allow you to be 
identified. 
Information from this study and study records may be reviewed and photocopied 
by the institution and by regulators responsible for research oversight such as the Office 
of Human Research Protections and the Boston University Institutional Review Board . 
As a blind participant, your responses may contribute to improving access to 
online education by blind persons in the future , although you may not benefit personally 
from improved access to online education. For sighted participants, although you may not 
benefit directly from participating in thi s study, your contribution would help promote 
ideas of inclusive and equitable education that will allow learners with disabilities to 
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maximize their independence, productivity, and participation in academic programs. It 
may be that you will receive no benefit from participating in this study. 
There are no known costs to you for participating in this study except for your 
time. You will not be paid to participate in this research study. 
Taking part in this study is voluntary. You have a right to refuse to take part in 
this study. If you decide to be in this study you can refuse to answer any question if you 
wish. You can also take breaks as needed, withdraw your participation in the study at any 
time without penalty or loss of benefits to which you are otherwise entitled, and your data 
will not be used. The researcher may decide to stop your participation in the study 
without your consent if she decides that staying in the study will be bad for you or if she 
decides to stop the study. Your alternative to participation is not to participate in this 
study. 
If you have any questions regarding the research or your participation in it, either 
now or any time in the future, please feel free to ask or contact the student researcher at 
089-688-8988 or sanny@bu.edu or the dissertation advisor, Dr. David Whittier at 
whittier@bu.edu or 617-353-3181. 
You may obtain further information about your rights as a research subject by 
contacting the Boston University Institutional Review Board for Humans Subjects 
Research at 617-358-6115 or irb@bu.edu. 
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Agreement to Participate 
By signing this consent form you are indicating that you have read this consent form or it 
has been read to you. You are also indicating that you have been given the opportunity to 
ask questions about the study and all of your questions have been answered to your 
satisfaction. By signing the consent form you are indicating that you voluntarily agree to 
participate in the study. You will be given a copy of the consent form to keep if you 
wish. 
Name of Subject 
Signature of Subject Date 
Printed name of person obtaining consent 
Signature of Person Obtaining Consent Date 
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APPENDIX/ 
RECRUITMENT LETTER FOR BLIND SUBJECTS 
Date: 
Dear Director of Student Service Office, Thammasat University 
I am looking for 10 volunteers diagnosed as totally blind persons to take part in a study of 
"Evaluating Web Accessibility and Usability at Thailand Cyber University for Totally 
Blind Users". I appreciate if you could make an announcement about this study to 
potential participants. 
Potential participants must be 18 years or older, undergraduate or higher, with a 
minimum of 3 years of computer and Internet experiences, and use screen reader 
software. 
As a participant ofthis study, they will be asked to access 13 web pages of Thailand 
Cyber University and complete 9 pre-defined tasks in order to evaluate the degree of 
difficulty in using the website. Also, they will be interviewed before and after assessing 
the web site. Their participation would take no more than 2 hours to complete all session. 
Furthermore, your kind assistances with a testing location, a computer with screen reader 
software installed, and Internet access would be greatly appreciated. 
For more information about this study, or to volunteer for this study, 
please contact: 
Salinee Kuakiatwong, 
Tel: 089-688-8988 
Email: sanny@bu.edu 
Sincerely, 
Salinee Kuakiatwong 
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APPENDIXJ 
RECRUITMENT LETTER FOR SIGHTED SUBJECTS 
Date: 
Dear Director of Student Service Office, Thammasat University 
I am looking for 10 volunteers to take part in a study of "Evaluating Web Accessibility 
and Usability at Thailand Cyber University for Totally Blind Users". I appreciate if you 
could make an announcement about this study to potential participants. 
Potential participants must be 18 years or older, undergraduate or higher, and with a 
minimum of 3 years of computer and Internet experiences. 
As a participant of this study, they will be asked to access 13 web pages of Thailand 
Cyber University and complete 9 pre-defined tasks in order to evaluate the degree of 
difficulty in using the website. Their participation would take no more than 2 hours to 
complete all session. 
Furthermore, your kind assistances with a testing location, a computer, and Internet 
access would be greatly appreciated. 
For more information about this study, or to volunteer for this study, 
please contact: 
Salinee Kuakiatwong, 
Tel: 089-688-8988 
Email: sanny@bu.edu 
Sincerely, 
Salinee Kuakiatwong 
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